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4. Hyperbolic Paraboloid — A 
most unusual and aesthetic 
approach to prestressed, 
precast concrete structures. 





FOR MORE INFORMATION 
WRITE OR WIRE 






OT EEL 
FORMS 


VISION OF PLANT CITY STEEL CORPORATION 


~ Prompt delivery 
guaranteed... 
anywhere 


P.O. BOX 1308 ¢. PLANT CITY, FLORIDA 





March, 196 
Vol. 6, No. 1 





OF THE PRESTRESSED CONCRETE INSTITUTE 


The JOURNAL is published quarterly by 
the PRESTRESSED CONCRETE INSTITUTE. 


EXECUTIVE and EDITORIAL OFFICES: 205 
West Wacker Drive, Chicago 6, Illinois. 
All correspondence, including that relat- 
ing to advertising, subscriptions and edi- 
torial matter, should be addressed to this 
office. 


DISTRIBUTION: Distributed to all members 
of the Prestressed Concrete Institute. 
Members are entitled to one annual sub- 
scription upon payment of dues, from 
which the amount of subscription is de- 
ducted. SUBSCRIPTION PRICES: $6.00 per 
year for four issues. SINGLE COPY PRICE: 
$2.00. For subscription and single copies 
outside continental United States add 20% 
to cover handling and postage. Editorial 
contributions to the JOURNAL are wel- 
comed but publication cannot be guaran- 
teed. All manuscripts should be submitted 
in duplicate and will be reviewed by the 
Editor. No payment is offered. Advertise- 
ments of products, services and materials 
related to prestressed concrete are solic- 
ited. Inquiries concerning advertising re- 
quirements and rates should be addressed 
to the Prestressed Concrete Institute, 205 
/West Wacker Drive, Chicago 6, Illinois. 
Copyright by the PRESTRESSED CONCRETE 
INSTITUTE, 1961. 


The Prestressed Concrete Institute is not 
responsible for statements made or opin- 
ions expressed by authors of papers pub- 
lished in this JOURNAL. 


Send change of address notice, undeliver- 
able copies and orders for subscriptions 
to Prestressed Concrete Institute, 205 West 
Wacker Drive, Chicago 6, Illinois. 


Application to mail at second-class postage 
rates is pending at Pontiac, Illinois. 


March, 1961 


OFFICERS 


1960-1961 

Jacob O. Whitlock, 
President 

Robert J. Lyman, 
Vice President 
Robert A. Matthews, 
Secretary-Treasurer 


DIRECTORS 

Elmer D. Clark 

H. H. Edwards 

W. C. Givens 
Harold R. Hutchens 
Charles B. Kiesel, Jr. 
Ezra C. Knowlton 
Edward Schecter 
Robert H. Singer 


PAST PRESIDENTS 
Douglas P. Cone 

J. Ashton Gray 
George W. Ford 
Ben C. Gerwick, Jr. 
Peter J. Verna, Jr. 
Randall M. Dubois 


STAFF 

Norman L. Scott, 
Executive Secretary 
Thomas J. D’Arcy 
Publications Director 





The number one choice 
for the pre-stressed 
industry! 


THE SMITH TURBINE “TYPE AIXER 


The Smith Turbine Mixer—proved successful in over 100 
installations — is a compact, lightweight, vibrationless mixer 
that can be easily installed in your batching operation. 





If you’re building a new plant, use of the Smith Turbine 
permits lighter, lower, less expensive structures. 


If you’re converting an old plant, the Turbine can 
frequently be installed without extensive, major modifica- 
tions — in places where no other mixer will fit! 





Cycle time with The Smith Turbine is fast enough to charge 
up to 20 trucks an hour. What’s more, the Turbine can 
discharge in four different directions, allowing you to 
alternate wet and dry mixes — handle pre-stressed 
ready-mix, block, or pipe batches all in the same machine. 


Investigate the Smith Turbine. Write or call — we'll gladly 
tell you in detail how others are finding it the ideal way 
to beat competition while supplying higher-quality concrete. Y 


Making dollars and sense in over 100 successful installations! By 
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Since 1900, the pioneer designer and foremost 
manufacturer of the world’s finest mixers 


THE T.L. SMITH COMPANY 


Milwaukee 1, Wisconsin « Lufkin, Texas 
Affiliated with Essick Manufacturing Company, Los Angeles, Calif. 


A9-4073-A 


PCI Journal 





EXPERIENCE — the Important Ingredient in 
CF«I Prestressed Concrete Strand and Wire 


Years of wire drawing experience have 
earned for CFal a reputation as a leading 
producer of top quality wire. In manufac- 
turing Prestressed Concrete Strand and 
Wire, CFal calls on this depth of experi- 
ence. The result: another dependable prod- 
uct for the construction industry. 


CFal Prestressed Concrete Strand — For 
pretensioning of prestressed concrete struc- 
tures. Made to ASTM A-416, this 7-wire 
strand is stress relieved after stranding to 
improve its elastic properties and assure 
uniform, high tensile strength. 


CFal Prestressed Concrete Wire — For 
post-tensioned concrete structures. Made to 
ASTM A-421, this wire has excellent elastic 
and uniform mechanical properties. It will 
lie flat and straight when uncoiled, which 
makes it easy to work and handle. It is rec- 
ommended for either Type BA (Button) or 


Type WA (Wedge) anchorage methods of 
post-tensioning. 

For prompt delivery to any location across 
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and WWR-806 (Fabric). 
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Fabric ASTM A-185 * CFal Concrete Re- 
inforcing Bars and Rods ASTM A-1I5 - 
CFal Wire for Concrete Reinforcement 
ASTM A-82 ¢ CFal Hard Drawn Pre- 
stressed Concrete Wire ASTM A-227 (Pre- 
stressed Concrete Pipe) * CFal Hard Drawn 
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(Prestressed Concrete Tanks) °* Cal-Tie 
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Pueblo * Salt Lake City * San Francisco * San Leandro * 


Seattle * Spokane * Wichita 
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QUALITY BRANDED, FULLY GUARANTEED 
PRESTRESS WIRE AND STRAND 


Who makes it? Sumitomo Electric Industries, 
Ltd., the largest manufacturer of wire and 
cable in the far east — established in 1897 - 
and known the world over. 


What about quality? All wire and strand is 
made to ASTM specifications and fully 
guaranteed—your assurance of high quality. 


Who imports & distributes it? We do — Kurt 
Orban Company, Inc. We've imported a 
million tons of steel and steel products in 
the last ten years, plus all types of precision 
machine tools and industrial equipment. 
We've supplied some 2000 accounts — in- 
cluding some of the best known names in 
this hemisphere—with everything from nails 
to complete plant installations. 


Who guarantees it? We do—Kurt Orban 
Company, Inc. Our reputation, our ex- 
perience and our resources are behind this 
guarantee. A Kurt Orban representative is 
always just a phone call away. 
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Who buys it? Major prestress contractors in 
the U.S. have ordered and re-ordered, con- 
tractors who value quality. How about you? 


KOC products for Prestressors: 
Wire—ASTM A-421-58T 
Strand—ASTM A-416-57T 

Test Certificates Supplied 
Wire rods—ASTM A-15-54T 
Bright wire—ASTM A-82 
Reinforcing bars—ASTM A-15-54T 
and ASTM 305 


Send for this eg, 
booklet today 
Plus “How to Be 
At Home With 
Products Made 
Abroad”, the story 
of the Kurt Orban 
Company, Inc. 





URT ORBAN 


COMPANY, INC 
34 Exchange Place, Jersey City 2, New Jersey 
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In precast, prestressed piles, voids 
formed by Sonovoip Fibre Tubes dis- 
place low-working concrete . .. to 
reduce weight and save concrete and 
reinforcing steel. These lighter weight 
voided piles, save time, labor, and re- 
quire less costly handling and driving 
equipment. 


The advantages of the voided principle 
—weight and cost reduction—also ap- 
ply to other types of concrete construc- 
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tions. Specifically designed to form 
voids in concrete slabs, bridge decks, 
and other cast-in-place, or precast, pre- 
stressed members, Sonoco SONOVOID 
Fibre Tubes help contractors save time, 
labor, materials, and money. 


Order standard 18’ lengths or required 
lengths, in sizes from 2.25” to 36.9” 
O.D. Can be sawed —end closures 
available. 


See our catalog in Sweet's 


For complete information and prices, write 


SONOCO 
Construction Products 


SONOCO PRODUCTS COMPANY, Hartsviile, $.C. + La Puente Calif. Fremont. Calif. * Montclair, N. J. * Akron, Indiana 
* Longview, Texas « Atlanta, Ga. » Ravenna, Ohio « Brantford, Ont. * Mexico. D.F 











time is money a Incor saves you time = e 





precast concrete and Incor 
cut school cost $216,000 
below New Jersey average 


Exceptional construction economy along with fire- 
safety, quality, and beauty...that’s the sharp 
lesson taught by Iselin (N.J.) Junior High School. 
Built for Woodbridge (N.J.) Board of Education, 
this $1,462,000 school opened right on schedule. 


Economy was achieved by extensive and imagina- 
tive use of precast and prestressed concrete units 
made with Incor. Incor 24-hour cement gives any 


Iselin N. J. Junior High School — Architect -Engineer: 
Finne-Lyman-Finne, Elizabeth, N. J. Educational Con- 
sultant: Engelhardt, Engelhardt, Leggett & Cornell, New 
York, N.Y. General Contractor: Michael Riesz Co., Fords, 
N. J. Prestressed Concrete: Atlantic Prestressed Con- 
crete Co., Subsidiary of The Warner Co., Trenton, N. J. 


job a head start in construction time and cost sav- 
ings. Here, the cost per pupil of $1,462 compared 
with the New Jersey average of $1,678, thus sav- 
ing taxpayers $216,000 on this 1,000-pupil school. 


With Incor, jobs get done faster...men, forms, and 
equipment are released quicker. Ultimate strength 
is proved by 33 years of performance. Estimate with 
Incor on your next project... you'll find it pays. 


AMERICA’S FIRST HIGH EARLY STRENGTH CEMENT 





LONE STAR CEMENT CORPORATION, NEW YORK 17, N.Y. 
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LACLEDE 
PRESTRESS 
STRAND 


adds strength and durability to 
new downtown Louisville mote! 


The $1,000,000 Towne Terrace Motel in the heart of Louisville is Kentucky’s 
largest building constructed with prestressed concrete members. The 
traveler finds a luxurious welcome at this beautiful hostelry, with its 164 
handsomely appointed suites, restaurant accommodating 100 diners, cock- 
tail lounge, swimming pool and roof terrace. 


Of architectural interest is the generous use of cantilevered overhangs 
throughout the U-shaped structure...a type of construction in which 
double-tee prestressed concrete slabs were used to the best advantage. 
High strength was imparted to the slabs with Laclede 7-wire Prestressing 
Strand, the choice of many prestressed concrete manufacturers because of 
its consistently high quality and uniformity. Laclede strand is made with 
Laclede’s own open hearth steel, produced under strict metallurgical control 
from furnace to finished product. 


Your local prestressed concrete manufacturer can show you the many 
i. advantages offered by durable, fireproof, time-saving 
prestressed concrete in modern design and construction. 





Write to Laclede for a 12-page iliustrated brochure. Shows in detail the 
manufacture, use and performance characteristics of Laclede prestressing strand. 
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Me GENERAL OFFICES: St. /ouis, Missouri 

: ® DISTRICT OFFICES: Chicago, Iilinois Houston, Texas Moline, Illinois 
Dallas, Texas Kansas City, Missouri New Orleans, Louisiana 

Detroit, Michigan Memphis, Tennessee Tampa, Florida 














*TIERPARK, a development and product of the Tishman Research Corporation, was designed by Edgardo Contini, Engineer. 


Multi-Story Prestressed 
Concrete Parking Structure 


Designed for fast erection 


Self-parking structure requires only three standardized 
components, mass-produced by concrete fabricators 


TIERPARK is a self-parking type of garage that can be erected quickly because it is made 
up of standardized prestressed concrete components which are mass-produced and stockpiled 
at a casting plant. The components are assembled on-site in single or multi-tier combinations. 


There are only three primary components of TIERPARK. The typical slab, ramp slabs and 
typical columns form the entire structural system. No beams or girders are required. And a 
specially designed rigid connection between columns and slabs does away with the necessity 
of bracing or shear walls to resist wind or seismic forces. 

1200-car TIERPARK uses 120 miles of Bethlehem Strand 
Now underway for the Hempstead, Long Island store of Abraham & Straus, a division of 
Federated Department Stores, Inc., is a TIERPARK with a capacity of 1200 cars. All pre- 
stressed concrete members were made by Prefabricated Concrete, Inc., Cedarhurst, Long 
Island. Tensioning elements consisted of over 120 miles of 7/ 16 in. stress-relieved strand, manu- 


factured by Bethlehem. Fabricators like Bethlehem strand’s easy-to-handle flexibility in the 
casting bed. And they know they can rely on its consistent, dependable quality from reel to reel. 


For further details, get in touch with our Wire Rope Sales Department. 


*Trademark of the ’ 
——=e BETHLEHEM STEEL COMPANY, Bethlehem, Pa. 


Export Sales: Bethlehem Steel Export Corporation 
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POZZOLITH makes good prestressed concrete better 


” 


Unique structural system 
for Utica’s newest art gallery 


The huge monolithic, intersecting pre- 
stressed girder system shown here is the 
heart of a unique engineering and construc- 
tion achievement. In a continuous 16-hour 
placing operation, the girder was cast in 
place fifty feet above grade. Dr. Lev 
Zetlin’s mix design included PozzoLirH to 
provide concrete meeting these rigid re- 
quirements: 
28-day strength of 5000 psi. 
Slow initial set to avoid cold joints. 
Extremely high degree of workability to 
prevent voids and honeycombing in 
girders crowded with reinforcing steel 
and post-tensioning cable conduits. 
Lowest possible unit water content. 


In addition, PozzoLitH was used in all 
job-placed concrete—for foundations, walls 
and exterior supporting columns to obtain 
increased workability and minimum 
shrinkage. 

The local Master Builders field man will 
welcome discussing your requirements. 
Remember, Pozzo.itH concrete is higher in 
quality and more economical than plain 
concrete or concrete made with any other 
admixture. 


Post-tensioning cables — 
fourteen flexible conduits, | 
each containing twenty- f< 
five -inch tendons are 
draped within each girder 
section. ' | 


DESIGNED BY ARCHITECT PHILLIP JOHNSON AND 
ENGINEERED BY DR. LEV ZETLIN—this concrete tic- 
tac-toe provides an interior free of columns for 
Munson-Williams-Proctor Institute Art Gallery 
in Utica, New York. Contractor: George A. 
Fuller Company, New York; Supervising Archi- 
tects, Bice and Baird of Utica. Pozzo.itu ready- 
mix concrete from American Hard Wall Plaster 
Company, Utica. 


The Master Builders Company « Cleveland, Ohio 
Division of American- Marietta Company 
World-wide manufacturing and service facilities 


Our SOth Year 


| MASTER 
POZ 


E 
OLITH 


LDERS. 


*POZZOLITH isa registered trademark of The Master Builders Co. 
for its concrete admixture to reduce water and control entrainment of air and rate of hardening. 














Frederick S. Merritt 
Senior Editor 
Engineering News-Record 
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GUEST EDITORIAL 


A survey made last year and reported at the 6th | 


Annual Meeting of the PCI revealed several im- ! 


portant characteristics of the prestressed concrete 
industry: 

e Designers are confident of the structural be- 
havior of prestressed concrete and are using it in 
spectacular fashion. 

e Growth of new plants in the industry has slowed 
up in the last two years. 

e Greatest potential for growth is in building 
products. 

e The market for prestressed concrete bridges is 
still enormous; about 60% of prestressed beams and 
girders produced last year were used in bridges. 

e Few producers are operating at 100% capacity; 
the majority are at 50% capacity or better. 

Nearly all producers, therefore, are faced with the 
problem of selling more prestressed concrete in the 
face of heavy competition from other members of 
the industry, as well as from producers of other ma- 
terials. The answer obviously is a more aggressive 
sales effort, perhaps a new approach. 

There is still much work to be done through co- 
operation between producers and with engineers and 
contractors. The industry will have to search con- 
tinuously for more economical ways to produce pre- 
stressed structures. Products should be standardized. 
These standard products could be incorporated into 
a design manual for widespread distribution. 

The producers should pool their resources to pub- 
licize the uses and advantages of prestressed concrete 
to those still not familiar with it. Also, they should 
consider teaming up to support sales staffs in one or 
more big cities, where design work is concentrated. 

This type of industry cooperation will enable pre- 
stressed concrete to become as widely recognized as 
other common structural materials. 
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Oneida Lake Bridge: Mark of a Decade of Progress 12 
William Mayhew 
With its 320 ft. center span the Oneida Lake Bridge truly presents a mark in the 
progress of prestressed concrete. A detailed description of the solution to problems 
encountered in the fabrication and erection of these large site cast bridge girders 
is presented. 


The Allowable Fo-e Region for Prestressed Sections and an 
Exact Method for Optimum Prestress Force Modification 22 


K. K. Kienow and C. A. Bryan 
A precise development of equations and curves for use in finding the allowable range 
of values of the final prestress force and its corresponding eccentricity for a given 
cross-section. 


Problems in Post-Tensioning Vierendeel Wall Girders 29 
Fred N. Severud 
The author presents a thought-provoking step-by-step analysis of the problems pre- 
sented in the design of this unique structure. He concludes the article by suggesting 
an alternate correct method of design and construction. 


Sea Wall Prestressed for Durability, at Atlantic Coast Playground 4! 
B. M. Gray 


A complete description of this 4% mile long seawall that employed prestressing to 
every member. 


Symposium on Prestressed Concrete Pavements 47-102 
Pretensioned Prestressed Concrete Slabs for the Vienna Airport 48 
Bruno Freibauer 


A detailed resume of a successful application of pretensioning to a large pavement. 
Of particular interest is the handling of the joints by post-tensioning with flat jacks. 


Prestressed Concrete Pavements—A Review of European Practice 60 
D. Vandepitte 
A careful analysis of the inherent problems in prestressing a pavement. Dividing 
present European proceedures into two categories many actual applications are dis- 
cussed in detail. 


Experience with Prestressed Concrete Airfield Pavements in the United States 75 
Carl F. Renz and Phillip L. Melville 
Several test pavements have been constructed in the United States and have been 


subjected to thorough testing programs. Summaries of the results are presented and 
problem areas are defined. 


A Novel Concept of Pretensioning Prestressed Concrete Pavements 93 
Lev Zetlin 


After presenting his case for pretensioned pavements the author develops in detail 
a novel system using portable abutments, based on the principal of a closed ring. 
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Oneida Lake Bridge: Mark 


of a Decade of Progress 


by William Mayhew* 


Presented at the Prestressed Concrete Institute Convention 
New York City, September 28, 1960 


Several of the texts on prestressed 
concrete illustrate the magnitude of 
the effect of prestressing on the con- 
crete by using a fishing pole as an 
example. As I recall the fishing pole 
described, it consists of a length of 
concrete one inch square in section 
with a single wire pretensioned 
through and along its central axis. 
Not until I was to witness the be- 
havior of the massive precast, post- 
tensioned girders of the Oneida 
Lake Bridge, was I completely able 
to accept the picture of fishing with 
a concrete pole. 

However, after having cast the 
first girder, and having lifted it from 
its bed so that it was supported at 
only two points, the center and one 
end as it was designed, it was dis- 
covered that with a push of the 
hand on the cantilevered end it was 
possible to deform and deflect the 
member to an extent of three inches 
either side of the center line. 

Try to picture a 145-foot-long, 
14-foot high concrete girder bend- 
ing in oscillation through an arc of 
6 inches without ever indicating any 
distress along its length. Some day 
I will try fishing with a concrete 
pole. 

This is only one of the many new 
or modified concepts brought to my 
attention during the performance of 
the work. This contract was for the 
State of New York, Department of 
*Vice President 
Terry Contracting Co., N.Y. 
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Public Works with Terry Contract- 
ing of New York. Before describing 
and enumerating some of the con- 
cepts it might be well to give a 
brief description of the structure 
that was involved. 

The structure is actually twin 
bridges supported on continuous 
piers and abutments. Each bridge 
consists of one center span 320 feet 
long with end spans 70 feet long, all 
measured between bearings. The 
roadway width of each bridge is 
40 feet between curbs. Each twin 
consists of 6 cantilevered members 
145 feet long which span from the 
abutment 75 feet, across the pier and 
extend 70 feet toward midspan. Be- 
tween the ends of the cantilevered 
members from either side five so- 
called drop-in girders are hung. 
They are hung so that they interlace 
with the ends of the cantilevered 
girders, and they are also hung so 
that the ends of the drop-in girders 
overlap the ends of the cantilevered 
girders by 27 feet. 

Diaphragms which are post-ten- 
sioned are placed approximately 
25 feet apart between and connect- 
ing each of the cantilevers with its 
adjacent drop-in girder. In doing 
this the bridge is actually designed 
and built to be one continuous con- 
crete member from abutment to 
abutment 470 feet in length. 

All prestressing, both the longitu- 
dinal girders’ prestressing and the 
diaphragm post-tensioning, was ac- 
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LONGITUDINAL SECTION 





Fig. 1—Structure Layout 





Fig. 2—Picture of site and bridge in construction 
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complished with the use of the BBR 
system and supplied by Joseph T. 
Ryerson and Son, Inc. 


Recognizing that the use of pre- 
stressed concrete material provides 
a maintenance-free structure, the 
owners and the engineers decided 
to carry that aspect over into all 
of the materials used in the bridge. 
They did this by providing for alu- 
minum handrails, stainless _ steel 
downspouts for the drainage system 
and stainless rocker bearings for the 
bearing supports. 

The bearings at each of the piers 
and abutments are only five in num- 
ber, where we might normally ex- 
pect to see six, one under each of 
the supported bridge members. The 
engineers in preparing the design 
for the structure determined that 
the bearings could more advanta- 
geously be placed under the post- 
tensioned transverse diaphragms 
which connect the cantilevered gir- 
ders to each other. In order to do 
this they had to transfer the load of 
the main bridge members to the 
diaphragms before reaching the 
bearings. This was accomplished by 
developing tendons that look like 
snakes. We called them S-tendons 
and they reach from the bottom 
flange of the cantilevered girders 
out into the diaphragms and up to 
the top of the diaphragm just above 
the bearings. 

Although the specifications permit- 
ted the use of the cast-in-place 
method for the cantilevered girders 
at the site, the contractor agreed 
with the designers that the hazards 
to falsework construction due to 
shipping on the canal would prevent 
economical construction by the cast- 
in-place method. The structure spans 
an active portion of the New York 
State Barge Canal at the western 
end of Lake Oneida. 
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It was this problem of water traf- 
fic that led the designers to develop 
the continuous member in three sec- 
tions with provisions for splicing dur- 
ing erection. 

Although the contractor's forces 
included seven or eight registered 
and competent engineers in structur- 
al design, the contractor felt almost 
from the inception of the bid that 
it would be very well worth while 
enlisting the services of a consulting 
firm. The consultant was assigned to 
review and analyze the contractor's 
plans and proposals for methods of 
handling equipment design and tem- 
porary structure design. The con- 
sultant was to ascertain that the 
contractor had taken full advantage 
of the characteristics of either par- 
tially or totally prestressed structural 
members. The consultant was also 
to see that any incipient hazards to 
such members through unexpected 
problems that the contractor had not 
experienced were avoided. 

This concept would undoubtedly 
apply to any structure whose mem- 
bers could not be yard-fabricated 
and shipped by truck and handled 
by readily available lifting devices, 
such as cranes. The job engineering 
included the dimension detailing to 
take care of shrinkage, elastic short- 
ening, and creep. The engineering 
also consisted of camber control 
both vertical and horizontal, for the 
three stages of prestressing. 

Form design and tendon location 
were also engineered to follow the 
detailed dimensions as mentioned 
above. The concrete placing meth- 
ods were also a problem that re- 
quired specific engineering ap- 
proaches. The web thickness of 
the 14-foot-high members in 16 of 
the members was only 11 inches. 
The webs were also crowded with 
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the normal reinforcing steel, plus 
the many tendons, 28 per girder, 
necessary to develop the large 
forces required in this structure. 
Engineering was also necessary to 
determine the proper handling meth- 
ods, equipment, and temporary 
structures necessary to move the 
massive weight of the members from 
their casting location to their posi- 
tions in the structure. 

The engineering also required 
feasibility tests on types of forms 
to answer the above questions. A 
full-scale section of the girder was 
formed and poured, including rein- 
forcing and tendon sheaths, in order 
to test the solutions to these prob- 
lems with various types of chutes 
and window openings in the forms. 

The concrete used for the testing 
was exactly the same as that which 
was used in the job itself. 

Further feasibility tests required 
a full-size slab containing a full-scale 


length of the post-tensioning tendon 
described earlier as the S-tendon, 
in order to determine the friction 
characteristics of such sharp bends 
in such short lengths of tendon. 
These tendons were only 14 feet 
long. 


It was also found necessary to 
make laboratory tests on totally en- 
closed sand to determine the eco- 
nomical size and the piston cylinder 
clearances that could be used in the 
sand jacks. The sand jacks were re- 
quired to support the individual can- 
tilevered girders on the piers as 
they were placed and aligned to 
proper grade, before casting the dia- 
phragms and including or encasing 
the stainless steel bearings below the 
diaphragms and between the girders. 

It is quite conceivable that future 
construction of like magnitude 
would encounter engineering prob- 
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lems as numerous, and thus require 
contractors to provide the trained 
engineering man-hours necessary to 
control a structure of this type. 

A second concept with respect to 
labor man hours became apvarent 
during the course of the work. This 
concept was doubly apparent to Ter- 
ry Contracting, since it contrasted 
greatly with Terry's many years of 
experience in structural steel erec- 
tion. Whereas erection of structural 
steel would entail approximately a 
20 per cent expenditure of contract 
price for local field labor, the Onei- 
da Lake Bridge local field labor 
costs were over 70 per cent of bridge 
costs. Since today’s bridges are built 
primarily by governmental agencies, 
it would be possible not only to get 
a long-lasting, relatively mainte- 
nance-free structure with  pre- 
stressed concrete but also a boost 
to the shaky local economy by dis- 
tributing a large percentage of its 
cost through field wages. This con- 
cept might also apply to a large 
proportion of the materials incor- 
porated in such a structure, since 
they include aggregates and cement 
which may normally be found rela- 
tively close. 

A corollary concept seemed to be 
indicated to this contractor by com- 
parison of work on the Oneida Lake 
Bridge with bids proposed for post- 
tensioned structures at other loca- 
tions. In all cases the bids were for 
prestressed structures as alternates 
to structural steel designs, and most 
of these structures involved were in 
the same order of magnitude as the 
Oneida Lake Bridge. No specific al- 
lowances were made to take full 
advantage of the character of con- 
struction of prestressed concrete. Lo- 
cation, terrain, span lengths and span 
types were all slanted toward the 
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steel structure design. The Oneida 
Lake Bridge indicated a saving of 
10 to 12 per cent to the owner and 
this was during a period in which 
the economic environment favoring 
cheaper fabricated steel existed, and 
also the structure was designed to 
take full measure of structural steel 
economies. 

It is felt that the full competitive 
measure of prestressed concrete will 
not be made for structures of this 
magnitude until the owner agencies 
offer truly independent and competi- 
tive designs for bidding in lieu of 
the present process of offering al- 
ternates. 

It is hoped, of course, that the 
successful completion of the Oneida 
Lake Bridge will develop in the own- 
er agencies a greater assurance and 
desire to tackle larger structures in 
this material and also to make more 
frequent use of it. 

The consultants made every ef- 
fort to provide the contractor the 
opportunity to take full advantage 
of the environment in the perform- 
ance of the contract, and it might 
be of interest to see how this was 
done. 

First, the contract work included 
a total of 34 precast girders, each 
weighing approximately 240 tons. 
This number was divided into four 
groups of six cantilevered girders 
each and two groups of five suspend- 
ed girders each. The specifications 
stated that all girders of any one 
group must be cast in relatively the 
same period of time, and also that 
one structure must be done, includ- 
ing all diaphragm stressing, in one 
year—between the dates of April 1 
and December 1. 

The casting bed areas were util- 
ized completely in the scheduling of 
the beam fabrication. 

A casting bed area was devel- 
oped behind each abutment and had 
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an area of 180 feet in width and 
400 feet in length. The elevation 
of the bed area was approximately 
17 feet below finished grade. These 
large areas permitted the erection 
of six casting bed soffits behind each 
abutment. (Fig. 2) 

In order to cast the 24 girders in 
the contract time available it was 
decided to provide three sets of 
forms for the cantilevered girders. 
Two of them were for the interior 
type, which was a modified I-section, 
and one was for the exterior type, 
which was a rectangular shape. The 
rectangular fascia beam was includ- 
ed in the design in order to give 
the appearance of a massive struc- 
ture. 

These three sets of forms required 
eight uses for each set of forms. 
This was about the maximum that 
could be expected without excessive 
repairs during the course of the job. 
However, some of this wear and 
tear may have been incurred in the 
methods of handling, since they 
were built and handled in 40-foot 
lengths, and they were also trans- 
ported across river by floating them 
in the river. 

A unique feature of the form con- 
struction was that they were so 
matched that all the reinforcing steel 
and post-tensioning tendons were 
erected and tied to templates com- 
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pletely before any form was set. 
(Fig. 3) This was exclusive of the 
end bulkheads, which carried the 
tendon anchorages. After the tem- 
plate frames were removed the four 
panels along one side were set, 
aligned, and placed. The matching 
panels were then set on skids suffi- 
ciently far from the steel to permit 
the passage of carpenters who in- 
serted tie bolts through opposing 
holes in both walls. (Fig. 4) These 
extended form bolts were then used 
as screw jacks to skid the second 
wall into proper position of align- 
ment. This permitted all operations 
between the forms to be completed 
before the forms were actually 
closed up. (Fig. 5) 

A third casting bed area was pro- 
vided for the fabrication of the sus- 
pended girders. Since these girders 
would be erected from a barge, it 
was desirable that they be cast on 
an elevation from which they could 
be moved out onto the barge with 
a minimum of vertical movement. 
In order to achieve this a low area 
along the northeast bank was filled 
to proper elevation over a distance 
that permitted the erection of sof- 
fits for the six 231-foot long suspend- 
ed girders. (Fig. 6) A fill material 
that could later be removed and 
used in building up the approach 
road was used. These forms were 
not as heavy as for the cantilevered 
girders, since the girders were only 
8 feet high and only 5 reuses were 
required. It was found that with all 
operations working normally a gir- 
der could be prepared in 15 days 
from the time the soffit was uncov- 
ered until the day of treatment of 
the succeeding girder. 

Since each of the 34 girders took 
approximately the same amount of 
concrete, all girders required about 
the same length of time to cast. This 
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time averaged around six hours. Be- 
cause of the 14-foot height of the 
cantilevered girders two horizontal 
rolls of placing windows in the forms 
were required, one each on opposite 
sides of the girder. The windows on 
one side were used in placing the 
concrete, and the opposite windows 
were used to admit internal vibra- 
tors. The windows were spaced 4 
feet on centers longitudinally. Since 
the quantity of concrete that any 
one window would pass at a time 
was very small, a series of hopper 
towers were erected along the plac- 
ing side forms. Concrete was fed to 
the hoppers in rotation and allowed 
to dribble slowly through the re- 
spective windows. With 19 such 
hopper towers it was possible to 
keep the job site batch plant with 
its two l-cubic-yard mixers busy to 
the extent that it would at times be 
producing at the rate of 35 cubic 
yards an hour. 

Although the specifications called 
for a 28-day strength concrete of 
5,000 psi, it was thought best to 
take advantage of the permission 
to apply first-stage stressing as soon 
as test cylinders indicated a strength 
of 4,000 psi. This was achieved by 
providing a design mix that was up 
to 4,000 psi in four days. Since first- 
stage stressing required one day, it 
was possible to move off a soffit on 
the sixth day after casting. An add- 
ed advantage was gained in that 
practically all cylinders tested over 
7,000 psi at 28 days, with a goodly 
number reaching 9,000 psi. In the 
future it might be possible to lighten 
up similar structures to take advan- 
tage of this available higher strength 
concrete. 

To move these massive girders re- 
quired the development of some 
unique methods and tools. Their 
movement evolved into three phas- 
es. First was a movement horizon- 
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tally over land, then horizontally 
over water, and last vertically from 
the water. The cantilevered girders 
were moved horizontally a maxi- 
mum distance for any one girder of 
about 300 feet. Since the cantilever 
girders were designed for maximum 
loading at about the center of their 
length, they also had to be handled 
at that point. This required the de- 
signing of a carrying device capable 
of handling 200 tons, with a base 
width limited by the top width of 
the bridge piers. Since this device 
had to move over what might be ex- 
pected to be yielding soil, it had to 
be designed to follow the supporting 
soil as it yielded. These require- 
ments resulted in a fully articulated 
carriage supported on eight endless 
chain type express rollers running 
in four channel tracks. (Fig, 7) In 
order to change directions, which it 
was necessary to do twice for each 
girder handled, provision was made 
to permit jacking the carriage and 
girder together sufficiently high to 
permit the 90 degree swing of each 
of the express rollers. 

Moving the cantilever girders from 
soffit to location on the pier required 
an average of two days. The same 
method was used to move the sus- 
pended girders from soffit to barge. 
However, in order to provide a sta- 
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ble platform on which to move the 
suspended girders from land, it was 
necessary to build a shoreline bulk- 
head with a level concrete landing 
mat at its base a predetermined dis- 
tance below its freeboard curbs. 
The barge used was a compart- 
mented one so that it could be flood- 
ed and set solidly on the bottom 
while loading the girders. (Fig. 8) 
Figure 9 shows a suspended girder 
being barged into place under a set 
of completed cantilever girders. 
While a 2500-pound line pull hoist 
through a 12-part line was used to 
move the suspended girders onto 
the barge, the movement over land 
was achieved by the use of two 10- 
ton, 5-foot hydraulic jacks kicking 
between the track base and the roll- 
ing carriage. (Fig. 10) The vertical 
movement of about 15 feet for each 
of the suspended girders was accom- 
plished by means of continuous 
threaded rods, jacking beams, and 
a pair of 200-ton jacks at each end 
of the suspended girders. (Fig. 11) 
Safety rods and holding beams were 
also provided at each end. The gir- 
ders were lifted vertically in one- 
foot increments by the jacks acting 
between a pair of jacking beams 
with a pair of nuts on each rod 
above the jacking beams. These nuts 
were at all times kept finger-tight 
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against the members below them in 
order to avoid any bouncing of the 
girder in the lifting yoke and hold- 
ing beam. A single girder could be 
barge-loaded and erected in_ this 
manner in one day. 

Although the specifications had 
limited the maximum travel of grout 
to fill the voids in the post-tension- 
ing tendon sheaths to 90 feet, it 
was found entirely feasible and 
much more desirable to grout even 
the 231-foot-long tendons of the sus- 
pended girders from one end. This 
was done by prefilling the tendon 
with water and controlling its dis- 
charge from one end by a valve as 
the grout was forced in by pressure 
at the opposite end. Apparently this 
method provided some form of lu- 
brication for the travel of the grout 
through the long tendon as very 
little difficulty was encountered. 

I would also like to point out that 
even in such a completely pre-engi- 
neered item as the Post-tensioning 
system itself, it was possible to find 
needed refinements during the per- 
formance of engineering tests. The 
specifications required a full-scale 
performance test of the proposed 
post-tensioning anchorage system to 
100 per cent of guaranteed ultimate 
strength of the tensioning wire. The 
BBR system used consisted of but- 
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ton-headed wires founded on the 
face of an anchor head which was 
made large enough to accept a jack- 
ing stressing rod at its center on 
internal threads for tensioning. This 
necessarily causes the individual 
wires—of which there were from 24 
to 28 per tendon—to splay out on 
their emergence from the tendon 
sheath through an enlarged trumpet 
end to the anchor head. This splay- 
out causes each wire to enter the 
face of the anchor head at a fairly 
shallow angle, but at an angle. The 
refinement found necessary in order 
to achieve the 100 per cent indica- 
tion of anchor strength of the girder 
ultimate strength of the wire was 
that the holes drilled in the anchor 
head to accept each wire had to 
have a relieving chamfer placed on 
the interface, in order to avoid a 
small indentation in the wire under 
stress. 

This contractor has enjoyed the 
challenges of construction of this 
unique bridge, but must admit that 
here, as elsewhere throughout our 
land, education is expensive. Recog- 
nition of the learning developed 
through this project was experienced 
by all concerned, including the own- 
ers, designers, and builders. I be- 
lieve that all are looking forward to 
the next structure of this magnitude. 











The Allowable Fo-e Region for Prestressed 


Sections and an Exact Method for Optimum 
Prestress Force Modification 


K. K. Kienow' and C. A. Bryan? 


Synopsis 


Equations for the curves a 8 y A which define the region of 
allowable sets of (F.-e) values for a prestressed composite section 
are developed in terms of the section properties, load moments and 
allowable stresses. A direct method of prestress modification is 
developed for cases in which the optimum F,-e cannot be physically 


obtained. 


The purpose of this paper is to 
present a method for defining the 
allowable range of combinations of 
prestress force and eccentricity and 
a simple method of obtaining sets 
of values of prestress force and ec- 
centricity which can be used for a 
given section and loading. 

The simultaneous solution of the 
equations representing the top fibre 
stress at the end of the beam and 
the bottom fibre stress at midspan 
to determine minimum prestressing 
force and the associated eccentricity 
has been standard practice for some 
time. In some cases these values of 
prestress and eccentricity are unob- 
tainable due to the physical limita- 
tions imposed by beam depth or 
minimum spacing of strands. The 
modification of the prestress moment 
from this point at times presents 
some difficulty. Most often, it is a 
trial and error process, choosing new 
values, calculating the stress, and so 
on. 

1. President, Western Computing Consult- 
ants, Inc., Tucson, Arizona. 
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The equations presented have been 
derived for a composite section with 
straight (undraped) strands. For 
noncomposite sections with straight 
strands the composite section prop- 
erties in the equations need only be 
changed to the beam section prop- 
erties. For draped strands, the end 
section is of little concern and the 
two equations for top and bottom 
midspan fibre stresses suffice. The 
formulas are applicable for concrete 
sections of any shape. The sign con- 
vention assumes tension positive, 
compression negative. 


The variables are defined as fol- 
lows: 


F, final prestress force 

e eccentricity of prestressing steel 

A. area of the beam 

Zi» top section modulus of the beam 

Z»» bottom section modulus of the 
beam 

Z, top section modulus of the com- 
posite beam 

Zo. bottom section modulus of the 


composite beam 
D, beam depth 
D. composite section depth 
Mp _ full dead load moment of beam 
and slab 
live load moment including im- 
pact 


Mi 


a 
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ft. top fibre stress in beam at end 

f*. bottom fibre stress in beam at end 

ft, top fibre stress in beam at mid- 
span 

f°, bottom fibre stress in beam at 
midspan 

f't» |maximum allowable tensile stress 
in top of beam 

f’.» | maximum allowable tensile stress 
in bottom of beam 

f.» maximum allowable compressive 
stress 


The constants are defined as fol- 
lows: 





Mp , M 
1) Poon on M2 y Mi 
or h 
load fibre stress at bottom of beam (+). 
Mp , K.M 
2 ftp4, = —— -- 
(2) D+I Zn Z.. 


load fibre stress at top of beam (—); where 


- _ De Zr) _ Zee 
( 3) Ko = D. 1 +e y 
ratio of live load stress at top fibre of beam 


to live load stress at top fibre of composite 
section. 


The following constants are de- 


fined in order to simplify the calcu- 
lations: 


(4) EK, mnt fp +L Zov A. 


Zov + Zev 
te , Zov Ac 
Ke = SS 
(5) Zov + Zev 
Ze» A. 
(6) < 


Ks = Zoo + | 


Theory 


The general equations for F, and 
e are: 
(7) F, — Ky “ Ke Fas _— Ks . and 


oe ha ON 
) «== Zi 
m8 Se 





For minimum prestress force, f*, 
and f*,, must be the maximum al- 
lowable. In most cases f°, = 0, i.e., 
no tension is allowed in the bottom 
fibre under working loads. The equa- 
tions for F,min and Cmax are then: 
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(9) F. min — Me(Po+n Zov — ftp Zev) 
Zov of Lew 





(10) emer = Ze f+ Ze 
F, min Ac 


The fibre stress equations are: 





( 11) . — —Fe_ Foe , f’» +L 


(12) ft. = —Fe+Fee 


A Zep 
, F F.e 
3) Bes? 
( A Zov 
F F.€ 
4) ff. ——!4+———fp 
( a + Zan D+1 


The limitations imposed on these 
fibre stresses are as follows: 
( 15) Pr... = Pes 
(16) Pista 
esT): Fae te 
CER) Sine Fe 

From (15), (17), (11) and (13) 
it can be seen that: 
(19) foe +Poitsh. and 
(20) fous — fp 

also from (18), (12) and (14) 


) fh —forr= ff. =f. and 


co _ fc. oe ftp +L 


and from (15) and (19): 
(23) ft a f"p +L —— ig = 0 and 
(24) fep + f'n+r = ,. SS 


Equations (20), (23) and (24) 
are satisfied if the section is ade- 
quate for the design loading. Then 
there exist values of F, and e which 
will satisfy (13), (14), (17) and 
(18) and at least one set of values 
F,, e, exist which will satisfy all 
design requirements. 


~~ 
to 


bo 
op = 
~~ 


Region of Allowable Sets (F,, e) 


The equations defining the region 
of allowable combinations of F, and 
e are developed as follows: 


Let f', = ft, and let f*,, decrease 
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through the range (23) in equations 
(7) and (8). A set of values of F, and 
e satisfying equations (11), (12), (13), 
(14), (17), and (18) will be obtained. 
The point corresponding to f°, = 
f?n+n + fep will be defined as Fy, 
e,. Call this curve a. F,; and e, are: 


(25) Fo: = Ki — Ks (f?v+1 + fe») — 
Ks Es and 


Zon ; oe 
26 1 cm : 
(26) e F. + e 








Any point to the right of the curve 
a would yield a value of ft. > ft, 
which is not allowable. 


In the same manner let f°,, = ftp 
= 0 and let f*. take on values over 
the range (24). The points F,, e, ob- 
tained again satisfy equations (11), 
(12), (13), (14), (17), and (18). Call 
this curve 8 and the end point (Fy», 
es) such that 


(27) F.= Ki — Ks (fep + f'v+1) and 


¢ Zt» (f'n+2 + fep) Ze 
28 = =e 
eee Fos TF 





Any point to the left of 8 would 
force f®,, to exceed the maximum al- 
lowable tension in the bottom fibre, 


(ftp = 0). 


Starting at the point (F,,, e;) let f*. 
assume values over range (24). Call 
the curve A and the end point Fy max 
and €romax- The values are: 


(29) F. max — K, —_— Ke as f"» + L) = 
Ks Goo + ftp + t) and 
‘ Zev (fep + ftp+1) , Zev 
30) “enc wns oe SS Tt ote), Se 
( % F, max * A. 


Any point to the right of the curve 
A would result in f*,, smaller than 
the minimum, f., + f*p+1 resulting 
in the bottom fibre stress in the end 
of the beam exceeding the allowable, 


Foy 


The fourth curve, y, is defined by 
beginning at the point Fo, e2 and 
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letting f°,, assume values over range 
(23). The end point of this curve is 
the point Fy max, @romax- All points to 
the left of y would force f*. to be 
less than f,, + ftp+ ,, and the com- 
pression in the top fibre at midspan 
would exceed the allowable, f.,. 


Each point within the region aByA 
represents a set of values (F,, e) 
which will satisfy all design require- 
ments. The point F,;, e:, is inde- 
pendent of the loading and corre- 
sponds to the simultaneous solution 
of (12) and (13). F,; and e,; repre- 
sent the minimum prestressing force 
and corresponding eccentricity re- 
quired to develop the maximum load 
carrying capacity of the section. 


Prestress Force Modification 


Should the eccentricity correspond- 
ing to Fomm given by Eq. (10) be 
larger than that physically obtain- 
able, the minimum prestressing force 
and eccentricity which is physically 
obtainable can be obtained as fol- 
lows. Assume that equations (9) and 
(10) yield an eccentricity, e, which 
is larger than that obtainable for the 
section used. The new minimum pre- 
stress force corresponding to the 
largest e physically obtainable is 
that which falls lowest on the curve 
8 in Figure 1. Using a revised value 
of eccentricity eg the top fibre ten- 
sion corresponding to the minimum 
required prestress force is: 

K; (Ac en — Zs) 


(31) ft. \ . 
A. Zev +Ks (A. ea=— Ztv) 





and the corresponding value of F, 
will be: 


( 32 ) F, —= K, — Ks . 


Design Example 


The following design example is 
presented to illustrate the determin- 
ation of the allowable region of pre- 
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stress moment, the minimum pre- 
stressing force, and the method of 
prestress modification. The section 
is a 12 in. deep beam with a 3 in. 
composite slab. The span is 30 ft. 
and the loading is the H20-S16 al- 
ternate (military) loading. 


Data: 
D, = 12” D. = 15” 


Ze» = 1135 in’ 
Zo» = 1146 in*® 
Zee = 1783 in*® 
Zoe = 1936 in*® 


Mp = 1,002,560 in Ibs/beam 
Mz = 1,622,400 in Ibs/ beam. 


_ allowable tension (f‘:») = 380 psi (top 
re) 


Ac = 570 in’ 


Max allowable tension (f°t») = 

fibre ) 

Maximum allowable temporary com- 
pression = 2400 psi (before losses) 

Maximum allowable compression = 
2000 psi (after losses) 


0 (bottom 


The prestress losses are estimated 
to be 18 percent, therefore if the 
initial compression is 2400 psi, the 
final compression stress will be 0.82 
x 2400 = 1968 psi < 2000. The final 
tension will be 0.82 x 380 = 311 psi. 
The final stresses cannot exceed 1968 
and 311 psi, or the allowable initial 
stresses will be exceeded. f*,, and fey 
are therefore 311 psi and 1968 psi 
respectively. 


Prestress Force Modification 


The minimum required prestress- 
ing force from equation (9) is: 


Fea = — 


— 570 [(1713) (1146) — (311) (1135)] 
L 2281 J 





= 402,158 Ibs. 
and the corresponding maximum ec- 
centricity is from equation (10) 


1135(311) , 1135 o eee: 
402,158 * 570 oem. 
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Cmax — 


If these values of F, and e are 
physically obtainable, we need go 
no further. All conditions imposed 
on the fibre stresses will be met. Sup- 
posing that the eccentricity of 2.87 
inches is not physically obtainable, 
we can directly determine the re- 
vised prestressing force from equa- 
tions (31) and (32). Assuming we 
can use an e of 2.77 inches, the new 
prestress force is determined as fol- 
lows: 


from (31) 
‘= 
490,358 [570 (2.77) — 1135] 
~ 570 (1135) + 283.6 [570 (2.77) — 1135] 


= + 281.6 psi. 

and by (32) 

F, = 490,358 — 283.6 (+ 281.6) 
— 410,493 lbs. 





Using the new values of F, and e, 
all fibre stresses will be within the 
allowable limits providing f*, has not 
exceeded its minimum value f,, + 
ftp+, or —1968 + 1444 = —524 psi 


(compression ). 


Determination of the 
Allowable F,, e Region 


The curves a@yA defining the re- 
gion of allowable sets F,, e for the 
section and loading are determined 
as follows: 
from (1) f*p+n = 

1,002,560 , 1,622,400 
1146 1936 
= 1713 psi. 





by (20) 1713 < 1968 o.k. 
From = ) 


12 
12 = 0.616 
15 


1936] 1936 


(2) f'p+n = 
1,002,560 | 9 616 [ 1,622,400 | 
1135 lL 178 |] 


= 1444 psi. 
25 


17 

* 

f 1783) 1783 
% 








(4) K; = 570 x (1713) (1146) 








2281 
= 490,358 lbs. 
4 ae 
(5) K: = 570 x “3581 > 286.4 in. 
(6) Ks = 570 x x Fe - 283.6 in? 
Curve a: 


For the curve a equations (7) and 
become: 





(33) F. = 490,358 — (283.6) (311) — 
286. 4 = — 402,500 — 286.4 f’,, and 
1135 (311) , 1135 _ 352,985, 99) 

F. 570 F. 


by (23) the limits on f®,, are 1968 
+ (-—1713) S f, = 0 or — 255 
= f,, = 0. Letting f®,, take on values 
ver this range, equations (33) and 
34) yield the set of values given in 
‘able I. Figure I illustrates that the 
urve a is independent of the load. 


Surve B: 
For the curve 8, equations (7) and 
(8) become 
35) F., = 490,358 — 283.6 f°. and 
6) e= 
1135 f*. 4, 1135 __ _ 1135 f*. 
F. .  ——— 2 
xy (24) the limits on f*, are —1968 
+ 1444 S f*, S +311 


or —524 = ft, = +311. The 
for 8 are given ‘in Table I. 


+ 1.991 








values 


Jurve y: 

For the curve y, letting f*. assume 
its minimum value, f., + ftp+. = 
—524 psi, equations (7) and (8) be- 
come: 


F, — 490,358 ~~ 283.6 (—524) = 286.4 Fs 





or 
(37) Fo = 639,000 — 286.4", 
3) e= 
1135 (—524) " 1135 —594,740 
F. a F, 
+ 1.991 
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The limits on f®,, are as defined 
above for curve a. The values for y 
are given in Table I. 


Curve A: 


For curve A, let f*,, assume its 
minimum value as given by (23), 
f.yp + fp+7 = —1968 + 1713 = —255 
psi. f'. is permitted to vary over the 
range —524 = f*, = +311 psi. Equa- 
tions (7) and (8) become: 

F, = 490,358 — 283.6 f' 


or 


e — 286.4 (—255 





(39) F. = 563,500 — 283.6 ft. and 
(4) e= 
F 570 7 eit 


The values for A are also given 
in Table 1. 

The region defined by afyA is 
plotted in Figure 1 for the 30 ft. 
span, design example above and also 
for a span of 28 ft. The general shape 
of the region is typical, and presents 
a visual indication of the effect of 
various combinations of prestress and 
eccentricity. As the load approaches 
the maximum for the section, the 
area of the region, and hence the 
allowable range of F, and e, de- 
creases and approaches the point 
F 1, ej. 

Although many points have been 
plotted for purposes of illustration, 
the curves actually require plotting 
a maximum of eight points. If curves 
are to be plotted for a given section 
and a number of loads, a and A can 
be plotted for the smallest load and 
only 8 and y remain to be plotted 
for the remaining loadings. The us- 
ual case will require only the solu- 
tion of equations (9) and (10) and 
at most an additional substitution in 
equations (31) and (32) to modify 
F, and e if the minimum cannot be 
attained. 
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Problems In Post-Tensioning 
Vierendeel Wall Girders 


by Fred N. Severud* 


Presented at the Prestressed Concrete Institute Convention 
New York City, September 28, 1960 


The topic of this paper is rather 
simple-routine, in a sense—but then 
again maybe the interest in a new 
development of this kind is sufficient 
to present it. What will be described 
is not particularly the finished prod- 
uct but, rather, the philosophy that 
led us to go from one approach to 
another. In that way, I think that 
we can cover possibilities that al- 
though they were not adopted for 
this particular project may fit in 
elsewhere. 

So I would like you to remember 
the theme of this presentation is 
rather the theme of working begin- 
ning to end with a problem, and 
then seeing what comes out. 

The real solution which will be 
developed at the end of this presen- 
tation we hope will be a better solu- 
tion and may be a little bit ahead 
of the present market. 


Column Free Interior 


Figure 1 shows the specific build- 
ing. Architecturally, it was desired 
to have an opening at the ground 
level. This building, the Earth Sci- 
ences Building, is located on the 
campus of MIT. A clear span and 
also clear floor space was very much 
desired. These two requirements 
in general, were the problem. The 
mechanical affairs, therefore, must 
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all be located in the two towers, so 
that the floor space would be com- 
pletely column free for research ac- 
tivities. 

Figure 2 presents the typical floor 
plans of the structure. You can see 
that at the low level, or lobby, the 
clear floor space was required. Also, 
up above, in the lecture hall, it was 
very desirable not to have columns. 
So all the way through, the build- 
ing required the benefits of column 
free interiors. The span lengths were 
50 feet in the transverse direction 
and 80 feet longitudinally between 
the two towers. 

The preliminary thinking was to 
utilize the whole wall as a structural 
member (Fig. 3) The characteris- 
tics of a wall girder are such that 
there are large stress concentrations 
at the bottom, and since very gen- 
erous fenestration was required, the 
wall girder was impractical. Also, it 
would have required a very large 
effort in supporting the wall tempo- 
rarily during construction. So that 
thought was abandoned. 

One of the next approaches was 
to take many individual units and 
hang them by crisscrossing cables 
from the two towers. (Fig. 4) It 
was not too impractical but the forc- 
es on the towers particularly during 
construction would be very large, so 
that idea was abandoned. 

Then again we thought of having 
two cables—you might say, splitting 
the wall into two girders and this 
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Fig. 1—M.1.T. Earth Sciences Building 
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Fig. 3—Wall Girder 
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: REDUCED END SHEAR WITH SUPPORTING 
NCLINED END CABLES 


Fig. 6 


was considered. But it would have 
required blanking out some of the 
windows and this was not desirable. 
(Fig. 5) 

Individual Wall Trusses 

Finally we came to the solution 
of having individual Vierendeel 
trusses at each floor level. 

Figures 1 and 6 are quite realistic 
and indicate that there isn’t much 
section left for shear in these parti- 
cular trusses. So shear became our 
major problem, and that, as you will 
see, will lead to one of the results. 

Figure 7 shows a section of the 
joists used for the 50-foot span. We 
found the precast prestressed mem- 
bers with a composite deck the most 
economical way to span the 50-foot 
distance, and the cost of these joists 
is very reasonable. It obviously could 
be left open for any kind of combi- 
nation, tees, twin-tees—whatever the 
particular contractor would like to 
use. 

In developing the design it was 
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decided to use Vierendeel trusses 
at each floor. Our first thought was 
to split the trusses in two so that we 
could have them manufactured at a 
plant and then joined up in the field. 
(Fig. 8) This can be done very easily 
from an engineering standpoint, but 
to live with a joint of that kind in a 
building that has to stay beautiful 
for the length of its life is rather 
problematical. Not only is it a ques- 
tion of the first result, but it’s a 
question of absorption with the dif- 
ferent types of concrete. We felt 
that we could not take the risk, so 
we decided rather to pour the Vier- 
endeel trusses in place. 


Shear Problem 

The shear, as you can well realize, 
became the problem we had to con- 
centrate on once the section was se- 
lected. So we tried first to develop 
a system whereby we could reduce 
the shear stresses at the end, where 
they are largest. 

To further complicate the shear 
problem the section at the ends was 
reduced to a minimum by the win- 
dow spacing. We tried various 
means of post-tensioning but, in a 
Vierendeel truss analysis, it is not 
only a question of shear, it is a ques- 
tion of the bending. So that what 
would help in one direction, would 
hurt in another. (Fig. 9) 

In addition to the shear problem 
we were also seeking greater struc- 
tural depth in order to achieve bet- 
ter economy for the section. Upon 
suggestion of Professor Holley of 
M.LT. a method was devised where- 
by a fin from a truss lower chord 
overlapped the upper chord of the 
truss below. The post-tensioned ca- 
bles were placed in this fin thereby 
increasing the structural depth and 
also allowing a greater harping of 
the tendons, thus also alleviating the 
shear problem. (Fig. 10) 


33 




















NN CovPL ERS STRANDS 

















0000000qf0k 


Fig. 8—Truss Joint Detail 
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Fig. 10—Elevation and section views of Vierendeel Truss and Fin 











































































































Fig. 11—Typical truss reinforcing 
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Fig. 12—Typical truss cross-section 
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Fig. 11 shows the amount of rein- 
forcing required at the end of the 
truss to take care of stress concen- 
trations. 

The column is of a tuning fork 
shape, so that the end of the truss 
then is in the middle of the column, 
and the main column reinforcement 
can be carried on each side so that 
we also have a continuity in the 
whole tower without having to have 
any joints. (Fig. 10 and 11) 

Figure 12 is a cross-section of a 
typical truss. You can recognize 
from the shape of the chords and 
the mullions, that it has wonderful 
possibilities for interesting shadow 
effects, and even semi-perfection of 
the concrete will be nullified be- 
cause the eye will be drawn to the 
pattern of the shadows. 

I might mention that the form 
work for the trusses seems to be very 
complex to build, however, is not 
difficult at all by using fiberglass. 
The contractor who estimated for 
us guaranteed a bid figure which 
is below the amount allowed by our 
budget. Of course, he can always 
bid lower than the guaranteed fig- 
ure, however, we are now assured 
that everything would work within 
the budget. 

We were then faced with the prob- 
lem of reducing shrinkage and creep 
forces that became very troublesome 
when we had to go to poured-in- 
place construction. The tower col- 
umns are very stiff and could not 
be relied upon to deflect and there- 
by, relieve the shrinkage and creep 
stresses. 

Our first approach was to have 
expansion joints scheduled all the 
way up the building. These joints 
would be very difficult to handle, 
and they are a nuisance to live with. 
At this time the architect had a won- 
derful suggestion. He said, “Why 
don’t you collect all your troubles, 
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not just floor by floor, but get rid 
of them at the bottom—put the 
whole building on rollers”. 

This was considered at a time 
when the operation was scheduled 
to be precast and then, it would 
be ideal, because then shrinkage and 
creep could be ignored. 

However, I think you will realize 
in just allowing a tower to slide 
that when the first girder is in place 
and the second truss is poured, the 
shrinkage in the second truss will 
then be resisted by the first truss 
that already has shrunk. 

The final sequence of operations 
that was developed was such that 
on the sixth day after pouring, the 
first prestressing of the truss above 
will take place. The tuning fork part 
of the column also will not be 
poured. So that we have an oppor- 
tunity up to the sixth day to give a 
truss a final post-tensioning before 
it’s end is closed in. (Fig. 13) 

The floor joists are set on tempo- 
rary supports so that they can be 
poured integrally with the beams, 
and in this way then we have a com- 
pleted system that is very, very stiff. 


Suggested Correct Method 

That in general, is the way it is 
projected now, but now let us go 
back for a moment to the real way 
to build a building of this kind. This 
is an optional way of completing 
the structure that we are hopeful 
that the contractor will exercise. 

The original concept was to pour 
each truss on the ground horizon- 
tally and then, by cradle arrange- 
ment, lift it up so that it could be 
set into its proper position. Then the 
two trusses would be set on the 
ground and the joists would be con- 
nected to the pair of trusses. This 
way each floor would be fully as- 
sembled on the ground floor. And 
then, since we have these towers 
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Fig. 13—Truss pouring sequence 
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Fig. 14—Suggested proper erection procedure 
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available, they would furnish a won- 
derful means of hoisting the whole 
assembly up into position. (Fig. 14) 

As you can see, then, the whole 
procedure would then take place 
on the ground and, story by story, 
the lift would be made into the final 
position. Obviously, that’s what the 
future holds, because prestressing, 
precasting and the lifting are all of 
the same order. 

The reason we did not make our 
drawings on that basis—although 
we have a complete design not only 
of the members but also of the lift- 
ing mechanism, was that the con- 
tractors had never done anything 
like this, and they wanted to include 
the contingency that maybe they'd 
drop one whole assembly. So this 
contingency became too much of a 
penalty and, therefore, we could not 
be assured that it would be within 
the budget. 
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We feel that that is the way to 
really build a building of this kind. 

I would like to emphasize that 
the times that we are living in will 
more and more lead us into the di- 
rection of doing things on a large 
scale. A building of this kind with 
long spans is not more expensive 
than with typical methods because 
we have provided the whole wall 
and supporting members in the same 
unit. We have a 50-foot span that is 
negotiated by modern techniques 
without forms, taking full advantage 
of all the prestressing and post-ten- 
sioning techniques that we have 
available. 

Now, then, if we also can com- 
bine these techniques with the tre- 
mendous amount of experience in 
lifting things into place, and do that 
gracefully, then we have a building 
that is well coordinated. 
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SEA WALL PRESTRESSED FOR DURABILITY 
.. +... AT ATLANTIC COAST PLAYGROUND 


by B. M. GRAY* 


The $1 million Plaza, recently 
completed at Folly Beach, near 
Charleston, South Carolina, is part 
of a planned $3 million development 
for this Atlantic Coast beach. Folly 
Beach Ocean Plaza, Inc., the group 
of Charleston business men financ- 
ing the project, have announced a 
1964 completion date for the entire 
construction. 

The first phase of the project was 
the design and construction of 1,840 
feet of sea wall, including return 
wall. This wall protects the build- 
ings and boardwalk planned for the 
undeveloped beach area facing the 
Atlantic Ocean. 

The second phase of the project 
was the design and construction of 
the Plaza itself, which included an 
Arcade Building, various amusement 
structures, two lines of Concessions 
Buildings (12 in all), a Pedestrian 
Bridge and Pylon, and renovation of 
an existing pier and pavilion. An 85 
unit motel, and a swimming pool 
and bath-house are proposed for the 
near future. 

During the preliminary stages of 
the project, a subsurface investiga- 
tion of the site was made by Soil 
Consultants, Inc., of Charleston, in 
order to obtain adequate design 
data. Eight soil borings, ranging up 
to 51 feet in depth, were made at se- 
lected locations. All borings showed 
very similar conditions, with the top 
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23 to 28 feet consisting of medium 
sand with varying fine shell content, 
followed by organic clay to about 43 
feet, which in turn was underlain 
by sand. 

The design of the sea wall assumed 
that the backfill would be complete- 
ly saturated with sea water and that 
the beach sand, which was approxi- 
mately 11 feet below the top of the 
wall, would also be saturated with 
water (a condition likely to happen 
during hurricane conditions). It was 
also assumed in the design of the 
sea wall that about three feet of ero- 
sion would occur, as five feet of ero- 
sion had occurred over a period of 
many years. The reduced figure was 
used as groins have recently been 
installed and it is believed that 
these will prevent further erosion. 

A phi value of 28 degrees and a 
buoyant weight of 50 pounds per 
cubic foot was used in computing 
pressure from the backfill. The back- 
fill used was sand, dredged from the 
nearby Folly River. A phi value of 
32 degrees and a buoyant weight of 
70 pounds per cubic foot was used 
in computing passive pressures at 
the base of the wall. 

Since a permanent and durable 
wall was desired and since it would 
be exposed to wave action, erosion 
and corrosive sea water, it was de- 
cided to use prestressed concrete 
construction with water-tight con- 
nections. Two preliminary designs 
were made. The first design con- 
sisted of 30 foot long prestressed 
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kingpiles, located at 12 foot centers 
and anchored by use of prestressed 
tie beams to anchor piles. Prestressed 
slabs, eight inches thick, would 
then span between the kingpiles. 
The second preliminary design con- 
sisted of prestressed sheet piles 
which were to be supported four 
feet six inches from the top by a 
prestressed wale. This wale was tied 
to anchor piles at 12 foot centers 
using prestressed tie beams. (See 
Fig. 1) The latter design was chosen 
since it was the most economical 
and was considered safer in the 
event of continued erosion. 

The sheet piles used were 26 feet, 
six inches long, three feet wide and 
10 inches thick. Each pile was rein- 
forced with 12-%e in. diameter strand 
with No. 3 ties at 10 inch centers. 
(See Fig. 2) In designing the sheet 
piles, the wale was located four feet, 
six inches from the top of the piles 
to reduce the moments. Moments 
were reduced further by making the 
pile five feet longer than necessary, 
to take advantage of fixity. This also 
gave a factor of safety against future 
erosion of the beach and _ safety 
against boiling up of the sand at the 
base of the wall caused by a low 
tide and water pressure behind the 
wall after a storm. 

The bottom of the sheet piles 
were beveled on one corner to aid 
in jetting them into place. A tongue 
and groove key was used from the 
bottom of the pile to one foot be- 
low the beach elevation to keep the 
wall in line and make the piles act 
together. A grouted key was used 
from one foot below the beach ele- 
vation to the top of the piles to 
prevent the loss of backfill from be- 
tween the piles. In fabrication, a 
quarter inch allowance was made in 
the width of each pile for gain when 
jetting. 

The wales were 48 feet long and 
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were designed as four span contin- 
uous beams. They were 18 inches 
square and each contained 20-%¢ in. 
diameter strand and No. 3 ties. The 
wale was tied to the anchor piles at 
12 foot centers using a 14 x 14 in. tie 
beam with 6-%6 in. diameter strand 
and No. 3 ties at 12 foot centers. The 
connection of the wale to the tie 
beams at the interior supports con- 
sisted of a 2-% inch diameter bolt. 
(See Fig. 3) The head of the bolt 
was recessed in the wale for protec- 
tion against corrosion, using a pipe 
sleeve and bearing plate. The bolt 
was connected to the tie beam by 
use of an anchored sleeve nut. After 
the connection was made, the joint 
was packed thoroughly with grout. 

The connection of the wale to the 
tie beams at the end support per- 
mitted some movement to take place 
in the wall. A No. 8 clevis and a four 
inch galvanized pin were used. (See 
Figs. 4 & 7) A galvanized pipe sleeve 
was cast in the ends of abutting 
wales to form a shear connection. 
The pin was used to connect the 
clevis to the wales by inserting the 
pin through the clevis and then into 
each end of the abutting wales. The 
clevis was then connected to the tie 
beam by a 2% inch diameter rod and 
an anchored sleeve nut. The joint 
was packed with grout for protec- 
tion. 

The anchor piles were 20 feet long, 
four feet wide and 12 inches thick. 
The top of the pile was three feet 
below the boardwalk. Each pile con- 
tained 32-%46 inch diameter strand 
and No. 3 ties at 12 in. (see Fig. 5) 
Passive pressure for the anchor pile 
was computed using a phi value of 
28 degrees and a buoyant weight of 
50 pounds per cubic foot. The tie 
beam was connected to the anchor 
pile at a distance of seven feet from 
the top of the pile in order to reduce 
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Fig. 6—Tie beam to anchor pile connection. 


Fig. 7—View of connection at ends of 
wales before reinforcing steel was placed, 
and joint was packed with grout. 











the bending moments and increase 
stability. The connection consisted 
of a 2% inch diameter bolt, with 
bearing plate, inserted through a 
pipe sleeve in the anchor pile. (See 
Fig. 6) The bolt was connected to 
the tie beam using an anchored 
sleeve nut. The joint was packed 
with grout for water-tightness. 

The boardwalk at Folly Beach is 
31 feet, six inches wide and over 
1,500 feet long. A five inch thick 
reinforced concrete slab was used. 
The slab extends one foot, six inches 
beyond the face of the wall, flush 
with the wale and covers the tops 
of the sheet piles. The slab was tied 
to the wall by using a piece of %6 
inch diameter strand grouted in the 
keyways between sheet piles and 
bent into the slab. The face of the 
slab was chamfered and a joint was 
tooled in the slab to match the lo- 
cations of the contraction joints in 
the wales. 

The amusement plaza consisted of 


an Arcade Building with a Miniature 
Golf Course on the second floor, a 
Bingo Building with provisions for a 
future second floor, a building for a 
Snack Bar, 12 Concessions Stands, 
a Pedestrian Bridge and Pylon, and 
renovation of an existing Pier and 
Pavilion. The buildings were built 
with eight inch deep prestressed 
double tee slabs with prestressed 
ledger beams. The roof over the 
Miniature Golf Course was designed 
as a two span continuous folded 
plate, which was conventionally re- 
inforced and poured in place. A 
small folded plate canopy was de- 
signed for the entrance to the exist- 
ing pier. The project also included a 
51 foot, six inch high, eight foot 
wide, precast pylon and a 60 foot 
clear span, eight foot wide, poured 
in place pedestrian bridge. All build- 
ings were designed with pile founda- 
tions in view of the existing sub- 
surface conditions. Twenty ton 
creosoted timber piles were used. 


Fig. 8—View of sheet piles in place, showing jetting 
operation. 
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Fig. 9—Portion of sea wall before backfilling, showing sheet 
piles, wales, tie beams and anchor piles in place. 


Fig. 10—View from inside of sea wall showing tie beams. 
Existing pier is in the background. 
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Prestressed Concrete 


Pavements 


A complete session as presented at the September 
1960 PCI Convention 


The following four proceedings papers are published together as a symposium 
on the present status of prestressed pavements. Much can be learned from the 
efforts and ideas of these four authors. Some of the solutions presented in one 


paper may answer the problems encountered in another and taken collectively 





they present an excellent study of prestressed concrete pavements. 
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Pretensioned Prestressed Concrete 


Slabs for the Vienna Airport 


by Bruno Freibauver* 


Presented at the Prestressed Concrete 
Institute Convention, New York City, 
September 28, 1960 


GENERAL 


At the Vienna airport an extension 
to the runway was constructed as a 
prestressed concrete pavement. This 
runway extension measured approx- 
imately 3,280 ft. by 147 ft. 6 in. A 
new taxiway approximately 3,609 
ft. by 73 ft. 8 in. and a parking apron 
for jets 1,425 ft. by 172 ft. were also 
constructed of prestressed concrete. 
The slabs for these areas were con- 
structed in sections. The thickness 
of these slabs was 6 in. and each 
section had a width of 24 ft. 8 in. 
and was from 328 ft. to 410 ft. long. 
( Fig. 1.) 

Pretensioning was applied in the 
longitudinal direction. In the trans- 
verse direction the slab was post- 
tensioned with cables consisting of 
24 wires, each encased in conduit 
tubing. The wires have a diameter 
of approximately 5/32 in., a yield 
stress of 206,000 psi and a tensile 
strength of 241,500 psi. The initial 
prestress was 227 psi in the longitu- 
dinal direction and 142 psi in the 
transverse direction. Both prestressed 
reinforcement lies in the center of 
the slab (Fig. 2). In the longitudi- 
nal direction 80 wires are placed in 
two layers. The transverse elements 
are spaced app. 9 ft. apart. Per 1 
sq. yd. of concrete slab approximate- 


* Civil Engineer 
Vienna, Austria 
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ly 6% lb. of wire was used. 
METHOD OF PRETENSIONING 


The method of pretensioning has 
the advantage of an immediate and 
direct bonding between wires and 
concrete. Since the transfer of stress 
is dependent on bond and not an- 
chorage the prestressing force will 
be constant for the entire length of 
the slab. The result of this is a more 
favorable condition for overcoming 
the soil friction compared with the 
influx of pressure from the slab ends. 

With pretensioning it is possible 
to obtain extremely thin slabs, be- 
cause only a relatively small con- 
crete cover above the tensioning 
wires is required. The calculated 
minimum tension is also guaranteed 
at every temperature. The danger of 
cracking or buckling at high temper- 
atures is greatly reduced also in thin 
slabs. 

The main problem with the meth- 
od of pretensioning is the prevention 
of shrinkage cracks prior to release. 
The prestressing therefore must be 
accomplished before any shrinkage 
cracks can form. At this time the 
bond between wire and concrete 
cannot be counted on and the grad- 
ual transmission of wire stress from 
the abutments into the concrete is 
achieved by first transmitting the 
wire force to the stressing bulkhead. 
The wires must not be allowed to 


PCI Journal 


































































































































































1 “614 
o>) 
—EE a 
ANIWLNGY ONF ANIWLNGY BNISSIBLS 
meee ee ONINIWS BOF AVI 
\ 
7 + ~ 
,O8ZE \ \ 7 ‘| 
— = = <a 
| , \ 
00% 004 ,00% \ 
AVMNIG ee 
~~. a ~~" 
z SSS SSS = = » ~~ 
ONINIWF 40d GVO INIWINGY ONISSIUIS eisaaleaiatetiasascthccdingy 
WWOVIVW »9 NO ONISSIULSI UG 
22 +P JLZYINOD LIWHeSSY [__} AVMIX Vi 
eG =P NOYdIY FLIYINOI NIVIcd FERRE 
09-P NOSIW OISSIBISISo0 SS 
a ae SINIWNLIGY INISSIXLS ie 
at _ I ; 
5 t = i 
IS c= ve en ‘eo 
-) ——— a —— 
--- --- 2 —__ ____— = 
SF of te 4% ,ala PS 404% 8 
1 $24 ! g 
= 
= 





SLAF YO0X NOAdAIY INIHYVd 











f" i 


Uy" 5%" 3h" 
i | 


WIRES . 196 "DIAM 
/ TRANSVERSE CABLE 
sill aiecanetion pear 





oa ~ - a A 


plat st ~ 





— 


ER OCI: 


—— 








rr - 








"se. 


— 

weet ye 

a” ce pmet Sc - L 
*« 











2! 6" 





1 V4!" SANDASPHALT. 








ARRANGEMENT OF STRESSING WIRES 





Fig. 2 


slip in the concrete which can only 
be achieved if there is a slow release 
of the wires from the abutment an- 
chorages. 

Since pretensioning will be used 
for economic reasons only in the case 
of very long concrete members, the 
transverse prestressing consisted of 
tendons in flexible conduits which 
were pressure grouted afterwards. 
In this case it is suitable to place the 
longitudinal wires in two layers and 
to position them above and below 
the transverse conduits. The advan- 
tage of this lies in the fact that the 
concrete cross-section, weakened by 
the transverse tendon will get add- 
ed safety than if the wires were 
placed eccentrically. 


STRESSING ABUTMENTS AND TIES 


Concrete abutments were used for 
anchoring the pretensioned longitu- 
dinal wires. The weight of the 37 ft. 
8 in. long abutment equals the pre- 
stress force of the 80 wires. The cross 
section of the abutment can be seen 
on Fig. 3. Set in the concrete are 
wire loops projecting at the top and 
vertical steel pins (Fig. 4). The abut- 
ments are spaced approx. 820 ft. 
apart. 
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The transversal joints between con- 
crete sections are placed either 
above an abutment or in the center 
between them. Under this center 
joint is placed a 10 in. thick concrete 
tie. (Fig. 3). 


LONGITUDINAL PRESTRESS 

8 wires form a unit and are ten- 
sioned together. The wires are cut 
to the length of one section, an- 
chored to one abutment, coupled 
above the concrete tie and tensioned 
at the other abutment and anchored. 

The projecting ends of the wire 
loops at the abutment are passed 
in pairs through conical openings in 
the anchor plate and fixed ith 
wedges. At the same time th n- 
chor plate is connected by a th cad- 
ed bolt, a small turnbuckle and a 
specially fitted eye bar to the pin. 
With the small turnbuckle the dis- 
tribution of tensile forces are regu- 
lated which are then taken over by 
the pin and wire loops respectively. 

The anchor plate is connected 
through the previously mentioned 
bolt, another large turnbuckle and 
a second bolt to the stressing plate, 
to which pairs of wires are wedged 
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PLASTIMENT 
increases workability 
of lightweight 
concrete 


Owner: City of Beverly Hills, Cal.; Archites 
Angeles, Cal.; Consulting Engineers: T. y. 


The five-story Beverly Hills Garage 
illustrated above, providing parking 
space for 400 cars, is a unique precast, 
prestressed structure. Long spans of 75 
feet eliminated columns in parking areas 
and use of lightweight aggregate mini- 
mized horizontal and vertical loading. 

Use of Plastiment Retarding Densifier 
increased the workability of the Ridge- 
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Becket & Associates, Los General Contractors: C. L. Peck, Los Angeles, Cal.; Ellis E. White Co., Los Angeles, 
ssociates, Van Nuys, Cal.; Cal.; Precast Columns & T’s: Wailes Precast Concrete Corp., Sun Valley, Cal. 


lite lightweight concrete thereby assuring 
a smooth, clean appearance to the ex- 
posed concrete members. Using high 
early cement, strengths averaged over 
3,500 psi in 16 hours in the precast ele- 
ments. Slab concrete placed at the site 
reached 3,500 psi in 2 days. 28-day 
strengths averaged 6,500 psi. 


Mix contained 7-1/2 bags of cement 


per cubic yard and 2 fluid ounces of 
Plastiment per sack of cement. 


Plastiment features are detailed in 
Bulletin PCD-59. Ask for your copy. 
District offices and dealers in principal 
cities: affiliate manufacturing companies 
around the world. In Canada, Sika 
Chemical of Canada, Ltd.; in Latin 
America, Sika Panama, S. A. 


ICAL CORPORATION 
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Passaic, N. J. 








Fig. 6 


(Fig. 5). The end anchorage of all 
wire units in a typical 24 ft. 8 in. 
wide concrete section is shown in 
Fig. 6. The coupling of wires above 
the tie can be seen in Fig. 7. 

At the other abutment where the 
stressing of wires takes place the 
anchor plate, stressing plate and a 
jacking beam are connected with 
two threaded bars. These bars lie 
outside the stressing wires (Fig. 8). 
On each bar 3 nuts are arranged 
and screwed in such a way that the 
anchor and stressing plates as well 
as the jacking beam can rest against 
them during the stressing. 

The jacking beam is constructed 
to let the wires through it without 
friction. A jack is inserted between 
the jacking beam and stressing plate 
to bring the stressing plate nearer to 
the anchor plate. When the maxi- 
mum jack extension has _ been 
reached, the nuts on the bars behind 
the stressing plate are turned up 
tight to enable the jack to be re- 
leased. The jack is now released, 
the piston pushed back and the jack- 
ing beam is pushed further along 
the bars. When the jacking beam 
has_ been reset in its new position 
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by means of readjusting the two 
nuts, the jack is inserted again, ap- 
plied and the stressing plate moved 
forward. This procedure is repeated 
until the stressing plate lies close to 
the anchor plate and the large turn- 
buckle so that its corresponding nuts 
and bolts can be used. As soon as 
this connection is completed the bars 
and jacking beam are removed and 
used again for the tensioning of the 
next group of wires. 

After precise fitting of the stress- 
ing bulkhead the iron compression 
shims are re-set to achieve pressure 
contact. About 24 hrs. after the con- 
crete had been placed by the usual 
road finishing equipment (Fig. 9), 
the first transmission of prestress 
force into the concrete is accom- 
plished by opening the large turn- 
buckle situated between the stress- 
ing plates by hand with a big key. 
An opening however is possible only 
by that amount which corresponds 
to the allowable compression of the 
concrete strip. Repeated adjustment 
of the turnbuckle is therefore nec- 
essary and a measured gradual stress 
transfer through the stressing bulk- 
head to the slab takes place, with- 
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Fig. 9 


out first having to depend on the 
bond between wires and concrete. 

Within 2-3 days the turnbuckle 
can be opened wide enough to re- 
lease the load completely from the 
abutments. The anchor plate with 
its connection to the abutment can 
now be dismantled and used else- 
where. 


TRANSVERSE PRESTRESS 


For the transverse prestress 24 
wires of approx. %2 in. diam. were 
used and gathered together into one 
tendon. 

In the section which was first 
poured, flexible conduits without 
wires were placed. In the runway 
as well as the parking apron the 
adjacent sections were left out and 
each adjacent section was poured 
singularly in the same manner. Be- 
fore completing the adjacent sec- 
tions, the wire bundles of the trans- 
versal tendons were inserted into 
the conduits of the concreted sec- 
tions. In one edge section the wire 
ends were split and set in concrete. 
At the other end wires were ten- 
sioned and wedged in pairs into a 
steel plate with 12 conical holes. 
The transverse prestress was carried 
out only after the complete harden- 
ing of the concrete in all sections. 
It -was accomplished by jacking 
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against the slab. 


FORMATION OF JOINTS 


Above the stressing abutments be- 
tween the ends of the concrete slabs 
a gap of approx. 7 ft. 6 in. was left 
open and above the ties at the point 
of coupling a gap of app. 4 ft. 0 in. 
was left. (Fig. 10) These gaps were 
closed last of all to reduce the main 
part of the shrinking and creeping 
of the long sections. In the gaps 
above the ties 2 flat jacks 2 ft. 0 in. 
by 6 in. were built in the opening. 
(Fig. 11) All flat jacks of one open- 
ing were connected over the whole 
width of runway of taxiway respec- 
tively to an oil pressure pipe and 


fitted to an oil pressure pump ( Fig. : 
12). Jack pressure of 1,850 psi en- 
larged the gap % in. to % in. This § 
produced an added prestress of 





about 427 psi in the longitudinal 
direction. The remaining recesses 
were closed with quick setting con- 
crete. 

In the jet parking apron no flat 
jacks were used at the joints. The 
procedure used was before concret- 
ing the gaps a 1 in. thick wood 
fibre plate was laid against the end 
of the concrete sections. In the top 
part of the transverse joints a bitu- 































minous sealing compound was 
poured. 
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Fig. 10 
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The longitudinal joints are con- 
struction joints and were compressed 
by the transversal stressing cables. 
To insure complete sealing against 
surface water, a cut % in. deep, % 
in. wide was made exactly above 
the joint and filled with plastic ce- 
ment mortar. 


END ABUTMENTS 

Since the runway and _ taxiway 
transverse joints do not permit ex- 
pansion caused by temperature, an 
end abutment was built with provi- 
sions for expansion. These abutments 
are anchored to the ground by con- 
crete teeth. ( Fig. 13) 


SPECIAL CONSTRUCTION 


Because of the horizontal curve in 
the taxiway it was necessary to pro- 
vide a means to enable the longitu- 
dinal prestressing strands to change 
direction. This change in direction 
of the strands was accomplished by 
building a concrete diversion abut- 
ment in the ground and extending 


from it vertical pipes to divert the 
strands. ( Fig. 14) 


SOIL FRICTION 


To obtain a low soil friction a % 


in. layer of sand asphalt was placed 
on the gravel base, and it was cov- 
ered with paper. Next to the old 
runway the paper was blown off by 
departing airplanes. In all sections 
however the same compression in 
the concrete slab due to the lon- 
gitudinal prestressing was observed. 
Within 2-3 weeks it was measured 
to be % in.-l in. for the 403 ft. 
long runway and taxiway sections. 
Since the sand asphalt was laid 
in between the form-rails the be- 
havior of this layer under the in- 
fluence of the concrete slab move- 
ment on top could be determined. 
Near the abutments and ties respec- 
tively cracks could be observed 
which open from bottom to top. 
From this the conclusion can be 
drawn, that the movement of the 
concrete plate is partly due to the 
compression of the sand asphalt in 
longitudinal direction. Not a single 
one of all the 106 concrete sections 
showed a shrinkage crack. Perform- 
ance measurements of the slab indi- 
cate that the calculated friction co- 
efficient of 0.5 was in reality lower. 


ECONOMICAL CONSIDERATIONS 
The price for 1 sq. yd. of the 6 in. 
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thick prestressed slab was $5.00 and 
this cost was equal to that of a 9 in. 
thick non-prestressed slab. The same 
load-carrying capacity however, 
could only be obtained by an 11 in. 
thick non-prestressed slab. 

The prestressed slab can be made 
more economical by placing the pre- 
stressing cables eccentrically towards 
the bottom of the slab. With an ec- 
centricity of 1 in. it is possible by 
using this pretensioning system and 
an equal weight of wires per sq. yd. 
to take up to double bending mo- 


ment of the traffic load. 

With this pretensioning system 
concrete slabs only 2% in. thick 
could be made, still leaving enough 
room between the wires for the con- 
duit for the transverse tendons. With 
this thin slab and a wire weight of 
5% Ibs. in each sq. yd., a prestress 
of 700 psi in the longitudinal direc- 
tion and 350 psi in the transverse 
direction could be obtained. With 
these figures a very economical sys- 
tem could be developed. 
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Prestressed Concrete Pavements — 
A Review of European Practice 


Presented at the Prestressed Concrete Institute Convention 
New York City, September 28, 1960 


by D. Vandepitte.* 


The word “practice” is misleading 
if it is to reflect the present state of 
affairs in the field of prestressed 
concrete pavements, since the ef- 
forts made have not yet resulted in 
anything that can be labeled a gen- 
erally accepted and commonly ap- 
plied technique. 

Most of the work done to date in 
Europe is experimental and _ the 
pavements that may be classified 
as truly commercial applications of 
prestressing are still very few. 

Prestressed pavements are, in gen- 
eral, of two types: 

1) Pavements prestressed by ten- 
sioned steel cables in the longi- 
tudinal direction 
Pavements prestressed in the lon- 
gitudinal direction by means of 
jacks or wedges, with thrust 
blocks to withstand the prestress- 
ing forces at the ends of the 
pavement. This method stresses 
the slab as a unit and does not 
employ stressed steel. 

There are a few experimental 
pavements which do not entirely an- 
swer either description. 

The implications of the two main 
methods of pavement construction 
are discussed at length in a paper 
by A. J. Harris (1). The author will 
only summarize them here. This pa- 
per deals in the main with ways 
and means to prestress pavements. 


* Professor 
University of Ghent 
Belgium 


60 


Pavements Prestressed by 
Tensioned Steel in the 
Longitudinal Direction. 


If the restraint due to the contact 
between the slab and the ground is 
ignored for a moment, it may be 
said that a pavement of this type 
is able to expand and contract free- 
ly, hence that the prestress hardly 
depends on weather conditions, and 
it does not decrease much as a result 
of shrinkage or creep. As a matter 
of fact, these phenomena do not af- 
fect the prestress more than in any 
prestressed concrete member. 

However, horizontal restraint re- 
sults from the friction between the 
slab and the subgrade. As a conse- 
quence, the prestress does vary with 
atmospheric conditions, but much 
less than in a pavement of the sec- 
ond type. 

Also owing to subgrade restraint, 
the magnitude of the prestress, 
which is produced by the applica- 
tion of forces at the edges of the 
slab, decreases from the edges to- 
ward the middle. Lest the decrease 
be too large, the distance apart of 
free edges should not exceed a cer- 
tain limit. 

Hence a pavement of the first 
type needs joints, and although they 
may be farther apart than in con- 
ventional concrete pavements, they 
also have to cope with larger move- 
ments. The problem of designing a 
satisfactory joint of reasonable cost 
is, to the best of the author’s knowl- 
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edge, not solved yet. 

Measurements of the coefficient of 
friction between slab and subgrade 
or what can be conventionally la- 
beled the coefficient of friction, have 
been carried out and have given 
widely varying results. Initial values 
far in excess of unity have been ob- 
served, but usually they diminished 
notably with duration of the load. 
Since the prestress is produced by 
means of tendons, that are forced 
to follow any accidental deflection 
of the slab, there is no more danger 
of buckling than in any member 
prestressed by internal tendons. 

Because of the necessity of joints 
having fairly large movements, the 
first prestressing method is more suit- 
able for pavements of limited length, 
such as hard-stands, than for run- 
ways or roads. 

The slab may be cast in situ and 
prestressed by means of cables 
housed in ducts formed in the slab. 
This procedure is most commonly 
applied. Various tendon arrange- 
ments are used. The prestress in the 
transverse direction is ordinarily low- 
er than in the longitudinal direction. 
Sometimes the slab is only rein- 
forced in the transverse direction. 
The most obvious tendon arrange- 
ment is shown in figure l-a: the ca- 
bles are parallel to the long edges 
of the slab. Stressing and anchoring 
the tendons requires rather wide 
gaps between the individual slab 
ends. 

This drawback is eliminated when 
diagonal tendons are used according 
to figure 1-b, the tensioning apparat- 
us and the anchoring devices then 
can be installed along the longitu- 
dinal edges of the slab. This tendon 
arrangement automatically produces 
some transverse prestress. The ratio 
of the transverse to the longitudinal 
prestress depends on the angle be- 
tween the cables and the edges. 
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Peripheric cables (fig. 1-c) have also 
been tried in England. 

Experimental, cast in situ and 
post-tensioned slabs for highway 
traffic have been built and tested 
in many European countries. A num- 
ber of them are listed in papers by 
A. Mayer (2) and by R. and P. 
Dutron 3). The length of the indi- 
vidual slabs does not exceed 400 ft. 
The thickness ranges from 4 in. to 
8 in. with 6 in. generally used. The 
values adopted for the longitudinal 
prestress vary between 130 lb. per 
sq. in. and 540 Ib. per sq. in. The 
prestress often is of the order of 
magnitude of 280 Ib. per sq. in. Nar- 
row slabs, of 10 to 16 ft. width, usu- 
ally are not prestressed transversely. 
For wider slabs, up to 25 ft. wide, 
levels of transverse prestress as low 
as 23 lb. per sq. in. and as high as 
280 Ib. per sq. in. (in the older 
slabs) have been chosen. Slabs 
which must withstand highway load- 
ing seem to need very little trans- 
verse prestress. 

A prestressed pavement can also 
be composed of small precast slabs, 
4 ft. by 4 ft. for example, and pre- 
stressed by means of cables housed 
in the joints between these tiles, but 
temporarily free of the mortar 
packed into the joints. 

Pavements of the first type, em- 
ploying cables, can also be pre-ten- 
sioned on the site on the long line 
process used for the manufacture of 
precast, prestressed concrete units. 
The only difference from a prestress- 
ing plant operation relates to the 
temporary character of the abut- 
ments, which are removed after the 
wires are released. The abutments 
therefore, must be cheap. Anything 
that is heavy enough can be used 
as an abutment, for example a con- 
crete slab loaded with a pile of 
earth. When the pavement is long, 
it may be convenient to place the 
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temporary abutments at its ends and 
to stretch the wires the entire length 
in one operation. But in this case 
transverse gaps, 300 or 400 ft. apart, 
must be left in the concrete pave- 
ment, and the wires must be cut in 
the gaps after they are released from 
the abutments. If the wires were not 
so cut, friction between the ground 
and the outer slabs would impede 
contraction of the central portion 
of the slab and would consequent- 
ly prevent transfer of compression 
stress to the concrete. 

A trapezoidal apron of 100 ft. 
width and 390 ft. maximum length 
at Schiphol Airport, Amsterdam, was 
prestressed in both directions by 
means of pre-tensioned wires (4). 
The 4.7 in. thick, prestressed slab 
is separated from the 4 in. thick 
concrete foundation by a 0.08 in. 
coat of bitumen. The foundation is 
bordered by reinforced concrete 
ridges, whose upper surface is flush 
with that of the prestressed slab. 
The prestressing wires were ten- 
sioned between and temporarily at- 
tached to those ridges, prior to 
pouring of the 4.7 in. pavement. 
Thus the concrete foundation and 
its ridges temporarily withstood the 
forces exerted by the wires. 

The wires for each one of three 
experimental highway sections, each 
one about 350 ft. long by 24 ft. 
wide, built also in the Netherlands, 
were pre-tensioned longitudinally 
within a frame laid out temporarily 
on the ground (5). The frame con- 
sisted of two rows of steel tubes, 
such as are used in placing hydraul- 
ic fill. These tubes were bolted to- 
gether along either edge of the slab 
parallel to its center line. The frame 
also included two prestressed con- 
crete cross-beams, that, prior to 
transfer, transmitted the forces from 
the wires to the rows of tubes. The 
slab was concreted in two 12 ft. 
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wide strips separated by a longitu- 
dinal joint. It was reinforced trans- 
versely with mild steel. 


Pavements Locked Between 
Abutments. 


Pavements of the first type require 
a relatively large amount of pre- 
stressing steel. This gave rise to at- 
tempts to use the ground instead of 
steel as the tension member by pre- 
stressing sections of the pavement 
by means of jacks housed in gaps. 
The end sections are prevented from 
sliding under the effect of the jacks 
thrust by tying them to the ground. 
Shrinkage and creep of the concrete, 
if not canceled out by widening of 
the gaps containing the jacks, would 
cause the prestress to decrease con- 
siderably. When the gaps are grout- 
ed up, the slab cannot expand or 
contract any more and weather 
changes bring about large variations 
of stress. Even in cold and dry 
weather, the compressive stress must 
be sufficient to enable the slab to 
carry the working loads. It follows 
that the concrete may be subjected 
to very high stresses in hot and hu- 
mid weather. Since the prestress is 
produced by external forces, buck- 
ling of the slab is conceivable. 

A pavement locked between abut- 
ments does not move with respect 
to the subgrade; consequently it has 
no mobile joints. There is no upper 
limit to its length. If its center line 
is curved, additional lateral abut- 
ments are necessary along the 
curves. 

The behavior of a prestressed con- 
crete pavement of the second type 
under attack by bombing is a moot 
point. The longitudinal thrust being 
an external force, sudden local 
destruction by a bomb might just 
conceivably so disturb the existing 
equilibrium that it would result in 
crumbling of the pavement over its 
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entire length. This apprehension has 
as yet neither been substantiated nor 
disproved by actual experience. A di- 
rect hit on an abutment would 
cause the prestress to vanish in a 
large portior. of the slab. The cost 
of the abutments does net directly 
depend on the length of the pave- 
ment. Consequently, pavements of 
the type discussed here are econom- 
ical only when they are long enough. 
They are suitable for runways and 
for roads. 

The second type of pavement was 
developed in France by Freyssinet 
and his organization. Specimens of 
that type were later built, with rela- 
tively minor variations, in other 
countries. 


Runway and Taxiway at 
Maison Blanche Airport, 
Algiers (6) 

The prestressed concrete runway 
and taxiway at the Maison Blanche 
Airport were the first prestressed 


pavements that can be classified as 
a truly commercial proposition. 
Their design evolved from that of 
two experimental runway sections 
built earlier at Orly Airport, Paris 
(1). The oldest of those, incidental- 
ly, answers but partly the descrip- 
tion given above of a pavement 
locked between abutments. In this 
slab the longitudinal prestress was 
not produced by means of jacks, but 
by means of transverse cables that 
act on the large triangular slabs, in- 
to which the pavement is subdivid- 
ed, by roller joints with vertical roll- 
ers lying at 45° to the center line. 

The Maison Blanche runway is 
8,000 ft. long and 197 ft. wide. The 
taxiway is 6,700 ft. long and 82 ft. 
wide. Both concrete slabs are 7.1 
in. thick. 

As a base, three 4 in. layers of 
graded material, with the middle 
layer acting as a drain, were placed 
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on the silty subgrade, and covered 
with a coat of bitumen, a | in. layer 
of sand (to reduce friction) and a 
layer of waterproof paper. The slab 
was concreted and finished with 
conventional road paving equipment 
in wide lanes. Ducts, 4 ft. 4.3 in. 
apart, were provided for the trans- 
verse prestressing tendons, each of 
which consisted of 12 0.276 in. diam- 
eter wires. 

So-called “active joints” were pro- 
vided at 1,000 ft. centers. Each one 
consists of a prefabricated stressing 
block containing four flat jacks (fig. 
2). Flat jacks, invented by Freyssi- 
net, are a cheap device for creating 
very large forces. The capsules, 
made of welded sheet steel, can not 
be inflated much more than one inch. 
Hence their number must be adapt- 
ed to the width of the gap to be 
produced. Since the load on the in- 
flated jacks is carried by the pres- 
sure in the liquid, they possess no 
lateral stiffness and a group of jacks 
consequently acts as a short connect- 
ing rod in the pavement. To coun- 
teract the resulting tendency of one 
side of the joint to rise, the edges 
of the two adjacent bays were given 
the form of a rake. The reinforced 
concrete teeth of each rake extend 
beneath the adjoining slab, from 
which they are separated by a coat 
of bitumen, that facilitates sliding. 
One set of teeth interlock with the 
teeth of the other rake. (fig. 2) 

In addition to the “active joints”, 
which produced the permanent lon- 
gitudinal prestress, single flat jacks 
333 ft. apart, were incorporated tem- 
porarily in the pavement. They 
were inflated as soon as the concrete 
had acquired some strength, thus 
taking up the shrinkage strains. The 
formation of shrinkage cracks was 
thereby avoided. The single jacks 
were removed and the slots packed 
with mortar prior to the main stress- 
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ing operations. 

The runway and the taxiway are 
intended to carry an isolated wheel 
load of 45 tons. On the strength of 
the experience gained at Orly, a 
slab thickness of 7.1 in. and a pre- 
stress of 250 lb. per sq. in. in both 
directions were deemed necessary. 
Transverse tendons were threaded 
through the ducts and then ten- 
sioned to produce the desired trans- 
verse prestress. Inflation of the jacks 
in the active joints with water 
stressed the pavement longitudinal- 
ly. The atmospheric conditions prev- 
alent during the operation were al- 
lowed for in the selection of the 
initial value (about 1,000 Ib. per sq. 
in.) of the prestress. After the cor- 
responding pressure had been main- 
tained for some time, the water in 
the flat jacks was replaced by ce- 
ment grout. The designers estimate 
that the longitudinal concrete stress 
varies with weather conditions be- 
tween 250 and 1,250 lb. per sq. in. 

The abutments of the runway and 
the taxiway at Maison Blanche are 
curved concrete slabs loaded with 
10 ft. of earth (fig. 3). The end of 
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Fig. 3 


the pavement is not fixed rigidly to 
the abutment, but can slide over it. 
The connection between them con- 
sists of cables, housed in ducts, 
which extend throughout the length 
of the abutment. The tendons shown 
in figure 3 are anchored at the left 
end of the pavement and at the 
right end of the abutment. The 
ducts are not filled with grout. The 
cables are tensioned, and since they 
are long and remain free to move 
within the ducts, they act like pow- 
erful springs and exert an almost 
constant, known force against the 
end of the pavement, which is 
equivalent to a compressive stress 
of 750 lb. per sq. in. and hence 
equal to the estimated average be- 
tween the maximum and minimum 
thrusts estimated occurring in the 
slab. 

When the temperature rises for 
example, the whole pavement, ex- 
cept two relatively short terminal 
portions, remains immobile and its 
longitudinal stress increases consid- 
erably. The thrust emanating from 
the cables in the abutments hardly 
varies, however, and the terminal 
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portions of the pavement conse- 
quently expand and slide over the 
subgrade. This movemert mobilizes 
friction forces, which, together with 
the abutment thrust, balance the 
increased stresses in the immobile, 
central portion of the pavement. A 
fall in temperature causes the re- 
verse phenomena to occur, and the 
ends of the prestressed pavement 
thus move to and fro with varying 
weather. The elastic connection be- 
tween the prestressed slab and the 
abutments enabled the latter to be 
designed for a thrust of 750 lb. per 
sq. in. instead of 1,250 lb. per sq. in. 

The Maison Blanche runway and 
taxiway were completed in 1955. 
They were and, to the best of the 
author's knowledge, still are, a com- 
plete success. 


Other Pavements Locked 
Between Abutments 


The principles embodied in the 
pavements at Maison Blanche were 
used subsequently in the design of 
several prestressed pavements built 
in other countries. The features that 
differ from those at Maison Blanche 
are the abutments, the devices pro- 
ducing the longitudinal prestress 
and those counteracting the tenden- 
cy of either side of the active joints 
to lift. Road slabs are rarely pre- 
stressed transversely. Theory indi- 
cates that long continuous concrete 
slabs, even thin ones, lying on the 
ground and locked between fixed 
thrust blocks, are not liable to buck- 
ling under the effects of high com- 
pressive stresses. Tests and experi- 
ence have borne out that conclusion. 


Experimental road Moeriken— 
Brunegg, Switzerland (7). 

The thrust in the prestressed 
section of this road was created by 
means of pairs of concrete wedges 
(fig. 4), permanently incorporated 
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in the pavement at 200 ft., 400 ft. 
and 670 ft. centers. Sliding of the 
wedges along the edges of the bays 
on either side of an active joint is 
facilitated by linings of lubricated 
steel. The coefficient of friction, as 
deduced from measurements, was 
0.16. 

Tensioning of three cables con- 
necting a pair of wedges induced a 
longitudinal compressive force in the 
adjacent slabs that was equal to 2.32 
times the aggregate traction in the 
three cables. Shrinkage and creep 
of the road slabs were easily com- 
pensated for by subsequent pre- 
stressing of the tendons between the 
wedges. 


Two Experimental Road Sections 
at Naz, Switzerland (8) 

One of the prestressed sections at 
Naz is locked rigidly between two 
abutments, that consequently must 
be able to withstand the maximum 
thrust experienced in the slab. One 
of those abutments consists simply 
in a thickening of the end of the 
slab butted against a rock mass that 
happened to emerge at the site. The 
other abutment consists of a con- 
crete slab and two curved concrete 
anchors that are set into the com- 
pact clay found at the site (fig. 5). 
The tensile forces set up in the an- 
chors by the thrust in the pavement 
are counteracted by prestressing ca- 
bles. 

The design of the other pre- 
stressed road section at Naz is rath- 
er hybrid. The basic idea was that 
the two extreme portions of a pav- 
ment are assumed to act as abut- 
ments, provided that they are long 
and, consequently heavy enough. 
The remainder of the pavement is 
locked between these abutments 
and stressed by jacks in the active 
joints. Since the thrust in the end 
bays decreases from a maximum at 
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their inner edges to zero at their 
outer edges, they were also pre- 
stressed by cables. However, a very 
low value was adopted for the sub- 
grade restraint in the design compu- 
tations for the second road section 
at Naz, and it therefore appeared 
necessary to connect the six individ- 
ual slabs with ungrouted tendons 
that are bonded to the concrete at 
the center of every intermediate 


slab. 


Runway at Melsbroek Airport. 
Brussels (A. Paduart). 


This full-scale runway and the 
work at Maison Blanche are, up to 
the present, the most extensive ap- 
plications of prestressing to pave- 
ments. The Melsbroek runway is 
11,100 ft. long and 148 ft. wide, and 
the slab is 7.1 in. thick. Its structur- 
al features are identical to those of 
the runway and taxiway at Maison 
Blanche, except for the abutments 
and for the devices safeguarding the 
slabs against rising at the active 
joints. 

Each abutment consists of a rein- 
forced concrete slab, 148 ft. square, 
and 13.1 in. thick, plus 22 longitu- 
dinal, reinforced concrete anchor 
ribs underneath (fig. 6). The de- 
sign of the Melsbroek thrust blocks 
evolved from that of the abutments 
of an experimental road pavement 
at Bourg-Servas, France, which used 
transverse ribs; however passive 
earth pressure on the ribs devel- 
oped bending in the slab. Such flex- 
ure of the abutment slab is avoided 
by the arrangement adopted at 


Melsbroek. The concrete for the an- 
chor ribs was poured in and directly 
against the vertical earth walls of 
trenches cut 4 ft. deep iato the 
ground. It is assumed that the mass- 
es of earth between the longitudinal 
ribs would participate in any move- 
ment of the abutment. There is no 
elastic connection between the pave- 
ment and the thrust block, as at 
Maison Blanche. The pavement 
pushes directly against the abut- 
ment, that, consequently, must be 
able to resist the maximum thrust. 

The interlocking rakes, that pre- 
vent lifting of either side of the ac- 
tive joints at Maison Blanche, are 
replaced at Melsbroek by flexible 
vertical steel rods anchored in the 
bottom of concrete-lined trenches 
built beneath the active joints (fig. 


7). 


Experimental road Zwartberg— 

Meeuwen, Belgium (9) 

This prestressed road pavement 
is 11,650 ft. long and 23 ft. wide. It 
is subdivided into 26 different sec- 
tions, each about 440 ft. long. One 
or more of three variables are em- 
ployed from section to section: 

1) the thickness of the concrete 
slab, which is either 3.15 or 3.94 
or 4.72 in., 

2) the longitudinal prestress, which, 
at 59° Fahrenheit, is either 284 
or 426 or 568 Ib. per sq. in., 


the transverse reinforcement, 
which either isn’t used, or con- 
sists in about 0.2 Ib. of mild steel 


per square foot of pavement, or 
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is provided by single tensioned 

wires of 0.354 in. diameter, so 

spaced that they produce a trans 
verse prestress of 107 or 213 Ib. 
per sq. in. 

There is a longitudinal joint coin- 
ciding with the center line of the 
road in the sections that are not 
prestressed transversely. The active 
joints contain flat jacks; they are 
about 880 ft. apart. 

The abutments are rigid. One end 
abutment is of the type shown in 
figure 6. The other consists of a 62 
ft. long and 6 in. thick reinforced 
concrete slab, and of 106 short, bat- 
tered, 12 in. by 12 in. concrete piles, 
that fasten it to the ground (fig. 
8). Since the design thrust does not 
have the same value in all 26 pre- 
stressed sections, several intermedi- 
ate abutments were required. 

The road, which was recently 
completed, will have to carry heavy 
truck traffic. Part of it was pre- 
stressed with the purpose of study- 
ing the behavior of the different 
sections in actual service and of de- 
termining experimentally which val- 
ues of the design parameters are 
satisfactory and which are not. 
Experimental Taxiway at 
Melsbroek Airports, Brussels (10) 

The taxiway is 1,150 ft. long and 
about 75 ft. wide (fig. 9). It is com- 
posed of precast, prestressed slabs 
39 ft. long, 4 ft. 1 in. wide and 4 in. 
thick, manufactured in a prestressing 
plant on the long-line process and 
laid on a 1 ft. anti-capillary layer of 
compacted sand with their length 
parallel to the center line of the 
taxiway (fig. 9). After the joints 
were caulked with mortar, trans- 
verse 8 x 0.276 in cables were 
threaded through ducts in the pre- 
fabricated slabs. Tensioning of the 
transverse tendons bound the slabs 
together. The cables were then 
grouted. 
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The edges of the taxiway are rein- 
forced by placing a 1 ft. wide and 
4 in. thick precast strip of pre- 
stressed concrete under them with a 
layer of sand about 1 in. thick be- 
tween the slab and the underlying 
strip, and also by encasing the 
anchorages of the transverse tendons 
in concrete cast in situ. 

The transverse joints in adjacent 
longitudinal rows of slabs are stag- 
gered. Thus all relative longitudinal 
movements of two contiguous slabs 
in the same longitudinal row are 
prevented by the slabs in the ad- 
jacent rows and by the friction 
which is set up between the rows by 
the transverse prestressing forces. 
Consequently, however long the 
pavement may be, the transverse 
joints are not permanent but merelv 
construction joints. Although longi- 
tudinal prestressing is not used to tie 
the slabs together they act as a mon- 
olithic pavement. 

Variations of moisture content or 
temperature do not cause any sliding 
of the interior slabs away from the 
ends of the taxiway, because the 
terminal sections are able to with- 
stand by their weight the positive 
or negative thrust generated by such 
variations. The ends of the pave- 
ment may move, however, and the 
thermal stresses decrease along the 
end sections from a maximum value 
in the center part of the pavement 
to zero at the ends. The longitudinal 
prestress in the slabs in the middle 
portion of the taxiway is high 
enough to ensure the conservation 
of a sufficient residual prestress after 
a fall in temperature. 

Since the taxiway at Melsbroek is 
prestressed longitudinally by means 
of steel and experiences no external 
thrust, and since it has neither abut- 
ments nor active joints and also does 
not require lateral abutments in 
curved sections, it might be thought 
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of as a pavement of the first type 
discussed in the present paper. How- 
ever, it resembles in many respects 
a pavement locked between abut- 
ments: by the absence of mobile 
joints and of any limitation of length, 
by the immobility of the main cen- 
tral part of the pavement, and by 
the large variations of stress with 
atmospheric conditions in that part. 

Figure 9 shows that the shape 
of the prefabricated slabs is a par- 
allelogram. The thinking behind that 
feature was as follows: if the slabs 
are made rectangular, a transverse 
joint will not experience any pre- 
stress and consequently will be un- 
able to transmit much shear from a 
slab to the next one in the same row. 
However, if the transverse joints 
slant with respect to the longitudinal 
joints, the transverse prestressing 
cables will press the edges of two 
contiguous slabs in the same row 
against the mortar packing, thus 
preventing differential deflections. 
The obliqueness of the transverse 
joints missed its aim, however as it 
did not result in the transverse pre- 
stressing producing compression in 
those joints and it also perturbed 
locally the otherwise linear flow of 
transverse prestress from one edge 
of the taxiway to the other. More- 
over, loading tests showed that there 
was no differential deflection be- 
tween the two sides of a transverse 
joint, in spite of the lack of compres- 
sion in it. 

The pavement was designed for 
a load of 45 tons placed anywhere 
on it on a disk of 29.5 in. in diame- 
ter. Test loads up to 50 tons were 
applied to such a disk placed suc- 
cessively in four different spots. The 
diagrams (fig. 10 and 11) relate to 
a position of the disk next to a trans- 
verse seam (fig. 10). The diagrams 
in figure 10 represent the longitud- 
inal and transverse deflection curves 
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observed during the first loading 
and after subsequent unloading. 
The diagrams in figure 11 register 
the deflections observed after 10 
cycles of loading up to 10 tons and 
unloading, after 10 subsequent cy- 
cles of loading up to 20 tons and 
unloading , etc, up to 50 tons, and 
the residual deflections. The deflec- 
tions disappeared out 5 ft. from the 
edge of the disk. The deflection 
curves reveal no local weaknesses or 
discontinuities that might be due to 
the existence of either the transverse 
or the longitudinal joints. None of 
the loading tests caused any visible 
cracking of the pavement. The test 
results once more illustrate the re- 
markable load capacity of pre- 
stressed concrete pavement slabs, 
even if quite thin. 

It is possible to build prestressed 
pavements according to the concept 
underlying the Melsbroek taxiway 
without resorting to prefabrication. 
The concrete may be poured in 
lanes with conventional road pour- 
ing equipment around longitudinal 
wires tensioned beforehand by 
using removable and reusable abut- 
ments. As was explained for pave- 
ments of the first type that are pre- 
tensioned on the site on the 
long-line process, transverse gaps, 
some 300 or 400 ft. apart, must be 
left in the concrete slab and the 
wires must be cut in those gaps after 
their release from the abutments. 
The slots in adjacent lanes must be 
staggered. Tensioning of the trans- 
verse cables then renders the pave- 
ment monolithic and the slots may 
be filled up. Strips of concrete lying 
under the slots may make up for the 
lack of prestress in the concrete 
packed into them. 


Conclusions. 
The author’s views regarding the 
conclusions to be drawn from the 
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experiments made and the experi- 
ence acquired in Europe may be 
summed up as follows. 

With a single reservation relative 
to their unknown behavior under 
attack by bombing, pavements 
locked between abutments are tech- 
nically wholly satisfactory. They are 
also the most economical type of 
prestressed pavement for runways, 
for roads that are not too sinuous, 
and, generally, for pavements of 
sufficient length. 

For pavements of limited length, 
for winding roads, and whenever 


the construction of dependable 
abutments is not feasible for some 
reason, longitudinal prestressing by 
means of tensioned steel is either 
the most economical or the only 
possible solution. The need for mo- 
bile joints, that are relatively few 
but must allow large movements to 
occur, is a drawback which may 
be eliminated by the development 
of a cheap and satisfactory type of 
joint. The necessity of mobile joints 
may be obviated, by the application 
of the concept embodied in the 
Melsbroek taxiway. 
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Experience With Prestressed Concrete 
Airfield Pavements in the United States 


Presented at the Prestressed Concrete Institute Convention 
September 28, 1960 — New York City 


Carl F. Renz' and Phillip L. Melville? 


Summary 


The use of prestressed concrete 
for airfield pavement is still a rarity 
in the United States. To focus the 
attention of engineers on this new 
type of pavement construction, the 
authors have presented a description 
of such pavements as have been 
completed in this country. Projects 
described include a taxiway at Le- 
moore Naval Air Station, California, 
which was designed for a 90,000 
pound load on a twin-wheel tricy- 
cle landing gear, and a section of a 
taxiway at Biggs Air Force Base, 
Texas, which was designed for the 
B-52 bomber. 

A description of the design of a 
9700-foot primary runway and an 


8900-foot primary access taxiway is 
included. These pavements were al- 
so designed for the B-52 bomber 
and will be an alternate to plain 
and reinforced concrete pavement 
designs. This project is a part of the 
reconstruction for Fairchild Air 
Force Base, Washington. 

A summary of the results of traf- 
fic testing two prestressed concrete 
pavements at Sharonville, Ohio, is 
also presented. These tracks were 
tested to failure using a specially 
designed load rig having a twin- 
tandem 4-wheel gear similar to the 
gear of a large bomber. The gear 
loads used in the test were 200,000 
and 265,000 pounds. 





Introduction 


Although prestressed concrete 
members are now found in numer- 
ous structures throughout the United 
States, prestressed concrete pave- 
ments are still a rarity. Of the few 
such pavements built in this coun- 
try, all but one have been engi- 
neered for airfields, the exception 
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being the experimental prestressed 
concrete highway project in Pitts- 
burgh, Pennsylvania, sponsored by 
the Jones and Laughlin Steel Cor- 
poration. (Reference 1) Experimen- 
tal airfield pavement type projects 
have been undertaken by the Bu- 
reau of Yards and Docks, Depart- 
ment of the Navy, and the Corps of 
Engineers, Department of the Ar- 
my. These two agencies have also 
constructed operational prestressed 
airfield pavements at Lemoore Na- 
val Air Station, California, and Biggs 
Air Force Base, Texas. Another pre- 
stressed concrete pavement is in use 
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at the San Antonio International 
Airport. In addition, the Corps of 
Engineers has recently completed 
the design and plans for a proposed 
prestressed concrete runway and 
taxiway system for Fairchild Air 
Force Base, Washington. These air- 
field pavements are described, to- 
gether with a discussion of the 
investigations on prestressed pave- 
ments being carried out by the Bu- 
reau of Yards and Docks and the 
Corps of Engineers. 


San Antonio Airport 


Two prestressed concrete overlay 
slabs of a rigid pavement were con- 
structed in 1955 as part of Taxiway 
No. 1 at the San Antonio Interna- 
tional Airport. (Reference 2). The de- 
sign was for a load of 47,000 pounds 
on twin wheels spaced 28 inches, 
center to center, with a tire pressure 
of 120 psi. (DC-6) Each of the two 
slabs was 75 by 80 feet by 4 inches 
thick, on top of a 6-inch rigid pave- 
ment, in poor condition, which was 
covered with an asphaltic concrete 
leveling course. Prestressing was ac- 
complished by post-tensioning in 
two directions to magnitudes of 425 
psi and 175. No problem was report- 
ed in construction except for the 
highly critical nature of proper cur- 
ing to prevent shrinkage cracks. The 
design was based on Westergaard’s 
analysis with the amount of prestress 
sufficient to prevent any cracking 
of the concrete, not only at the sur- 
face but also at the bottom. This 
design was used because it was 
feared the thin cover on the con- 
duits for the tendons would allow 
crack patterns to develop through- 
out the slab. A nominal amount of 
mesh reinforcement was provided 
along the edges. It is understood 
that under prevalent traffic by DC- 
6 and DC-7 aircraft, both overlays 
have performed well. The results of 
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some load tests performed to meas- 
ure strains under a light aircraft 
were reported to be in good agree- 
ment with the design. 


Pavements for The Bureau of 
Yards and Docks, U. S. Navy 
Dept., Patuxent River Naval 

Air Station, Marylard 


In 1952 the Bureau of Yards and 
Docks undertook a research and de- 
velopment program relative to pre- 
stressed concrete pavements. Follow- 
ing a feasibility and economy study, 
the design and testing of a 12 by 
500-foot prestressed concrete pave- 
ment located at Patuxent River Na- 
val Air Station, Maryland was com- 
pleted under contract. (References 
3 and 4) The research program was 
reported to include the following: 

1. A preliminary friction test to es- 
tablish the most suitable friction-re- 
ducing layer. 

2. Tests to determine the most effi- 
cient method of stressing the tendons 
with various wrappings, the losses 
sustained in the respective cases, and 
the losses occurring after stressing 
due to elastic and/or plastic deform- 
ation of both steel and concrete. 

3. Tests to determine the distri- 
bution of the strains due to the man- 
ner of stressing. 

4. Deflection and stress measure- 
ments in the concrete and pressure 
under the slab caused by plate load- 
ing tests. 

5. Load tests, as above, at shrink- 
age cracks and at edges to deter- 
mine local reactions, to establish con- 
tinuity and recovery ability. 

6. Comparison of all test results 
assuming the base course reacted as 
an elastic solid. 

7. A heat test to determine tem- 
perature gradient and blast effects. 

The slab was 7 inches thick and 
was post-tensioned by applying ad- 
justable stresses between 300 and 
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690 psi in rectangular directions ex- 
cept at two locations where trans- 
verse reinforcing was used. A 2-foot 
6-inch sand-clay-gravel base was 
used. A l-inch friction reducing lay- 
er of sand covered with kraft paper 
was placed over the base course. 
Prior to the placing of the sand fric- 
tion-reducing layer the modulus of 
subgrade reaction measured was 
1000 psi/inch. This value was ob- 
tained during a very dry period, 
and at the time the pavement was 
constructed there probably was some 
reduction in this value. Attempts to 
evaluate the subgrade modulus from 
the loading tests on the pavement 
indicated that this value varied with 
deflection and no single value could 
be assigned. 

Satisfaction with the design and 
construction methods was expressed 
upon completion of the project. The 
modulus of rupture of the concrete 
was 760 psi at 28 days. It was found 
that the load carrying capacity was 
appreciably higher than anticipated, 
both under single and cyclic load- 
ings, and it was concluded that the 
method of design used (based on 
Westergaard’s analysis) did not ap- 
ply to this case. As a result of the 
tests, it was reported that lower lev- 
els of prestress in the order of 150 
psi, over the friction losses, should 
be sufficient. A strong foundation 
should be provided to avoid perma- 
nent base deformation under a 100,- 
000-pound plate loading. The fric- 
tion coefficient was found to be 
affected by many factors, such as rate 
of loading, the movement, and the 
temperature. The test results indi- 
cate that a friction factor of 0.5 is 
possible with this type of construc- 
tion. No ill effect was observed from 
the heat and blast tests. The loading 
tests indicated that the areas with 
the two-way prestress showed great- 
er load-carrying capacity than those 
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areas prestressed only in the longi- 
tudinal direction. 


Lemoore Naval Air Station, 
California 


The Bureau of Yards and Docks 
was encouraged by the results of 
the Patuxent experimental slab and 
planned an operational pavement. 
Several designs were prepared for 
different Naval Air Stations. During 
the early part of 1960 a prestressed 
concrete taxiway pavement was 
built at the new Naval Air Station, 
Lemoore, California. The design 
was prepared for a loading of 90,- 
000 pounds on twin wheels spaced 
24 inches, center to center, and with 
a tire pressure of 200 psi. The taxi- 
way connecting Taxiway A with the 
maintenance apron, is 75 by 512 feet 
and is 6 inches thick, thickened to 
9 inches at the edges and ends. It 
is post-tensioned in the longitudinal 
direction with tendons composed of 
eight %-inch diameter high tensile 
strength wires, and in the transverse 
direction with tendons having six %4- 
inch diameter wires. The wire ten- 
dons were encased in steel conduits 
which were grouted after the post- 
tensioning was completed. The spac- 
ing of the tendons was 28 inches in 
the longitudinal direction and 37 
inches in the transverse direction. 
The total prestress in the concrete 
was 365 psi in the longitudinal di- 
rection and 225 psi in the trans- 
verse direction. 

The subgrade was compacted in 
6-inch layers to 95 per cent modified 
AASHO density and on this was 
placed a 6-inch subbase of soil-ce- 
ment containing 2.5 per cent port- 
land cement. To reduce the friction 
between the base course and the 
pavement, two layers of polyethyl- 
ene sheeting (4 mils) were placed 
over the soil cement base. Tests had 
shown that this treatment reduced 
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the coefficient of friction to a value 
of 0.3. 

An expansion joint was placed at 
each end of the taxiway. This joint 
consisted of an assembly of steel 
plates set on edge with neoprene 
rubber connectors at top and bottom. 
The width of the joint was 13.25 
inches and the height 5.0 inches. 
The joint has a working compression 
distance of 3 inches. This 5-inch 
deep assembly is supported on a 
4-inch high steel plate grillage to 
provide an expansion joint the full 
9-inch depth of the pavement. The 
expansion joint is supported on a 
12 inch thick reinforced concrete 
slab which extends 18 inches under 
the end of the prestressed pavement. 
The montage in Figure 1 shows sev- 
eral stages in the construction of 
this joint. 

The cost of this pavement was 
$20.50 per square yard, including 
the expansion joints, compared to 
$6.70 per square yard for a compar- 
able 12-inch portland cement plain 
concrete pavement. It should be not- 


ed, however, that the yardage for 
the prestressed pavement was con- 


siderably less than the overall 
amount of plain concrete pavement. 
This would tend to increase the 
unit price differential. Also, the cost 
of the expansion joint was estimated 
at $100.00 per lineal foot in place. 
This is over 15 per cent of the unit 
cost of the prestressed pavement. 


Pavements for The Corps of 
Engineers, Sharonville 
Prestressed Concrete Overlay 
Slab 


The first prestressed concrete slab 
constructed and tested under con- 
trolled traffic was completed by the 
Corps of Engineers in 1957. It was 
a 4-inch thick prestressed concrete 
overlay pavement 60 by 65 feet in 
area. The slab was placed on a 6- 
inch thick plain concrete base with 
a waterproof paper bond-breaker 
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between the two pavements. The 
overlay was prestressed by the pre- 
tensioned method using %-inch diam- 
eter high tensile strength wires in 
both longitudinal and transverse di- 
rections. Three separate lanes of the 
slab were tested using a load rig 
with a twin wheel gear. The loadings 
used were 60,000, 75,000 and 100.- 
000 pounds on the gear assembly. 
The pavement sustained 9100, 6200, 
and 2068 coverages of load repeti- 
tion respectively for the three loads 
before failure occurred in the top 
surface of the slab. As used here 
and hereinafter in this paper, one 
coverage has the specific meaning 
of one full load application at every 
point within the lane of channelized 
traffic. The construction and testing 
of this pavement is fully described 
in Reference 5. 

Sharonville Prestressed 

Concrete Test Tracks 


The construction of a full-scale 
prestressed concrete pavement to be 
subjected to controlled traffic test- 
ing was completed by the Corps of 
Engineers at Sharonville, Ohio, in 
December 1957. (Reference 6) 

The pavement was 51 feet wide 
and 580 feet long. It contained two 
parallel test tracks, Pl and P2, each 
25 by 500 feet by 9 inches thick 
and separated by a one-foot wide 
strip of concrete. The tracks were 
constructed to provide a longitudi- 
nal construction joint at the center 
of each track. At each end of the 
tracks was a 26-inch thick conven- 
tional concrete parking apron. 

The north half of the tracks were 
placed on a 4-inch base course of 
silty sand, and the south half of 18 
inches of the same type of material. 
The subgrade was a fat clay. The 
subgrade modulus measured on top 
of the base course varied from 40 to 
100 psi/inch. 

To reduce the friction between 
the base course and the pavement, 
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INSTALLATION OF EXPANSION JOINT 
IN PRESTRESSED TAXIWAY 
Lemoore Naval Air Station, California 


a friction reducing layer consisting 
of a half-inch layer of sand covered 
with waterproofed paper was placed 
over the base course. 

The post-tensioning method was 
selected for stressing and the con- 
tractor elected to use high tensile 
strength steel bars enclosed in steel 
conduits. The conduits were grouted 
after the tensioning was completed. 
The longitudinal prestress for track 
Pl was 400 psi and for track P2, 
200 psi. Two levels of transverse pre- 
stress, 200 psi and 400 psi, were 
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used across the full width of the two 
tracks. In the north 70 feet of both 
tracks, deformed bars were used in 
lieu of transverse prestress. 

The view in Figure 2 shows the 
full pavement with one 12.5 foot lane 
in each track completed and the 
steel in place ready for the concrete 
to be poured in the other two lanes. 

To assist in the analysis of the 
results of the loading and traffic tests, 
a series of gages to measure deflec- 
tions, strains and temperatures were 
placed in each track. 
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PRESTRESSED CONCRETE TEST TRACKS Pl AND P2 
Sharonville, Ohio 


Fig. 2 


LOAD RIG FOR TRAFFIC TESTING 
PRESTRESSED CONCRETE PAVEMENTS 


Fig. 3 
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Initially, a series of instrumenta- 
tion tests were made on both tracks. 
These tests were made to obtain de- 
flection and strain measurements for 
four different load levels. The load- 
ing rig shown in Figure 3 consisted 
of a large box supported on a single 
4-wheel twin-tandem gear assembly 
with the twin wheels spaced 31.25 
inches, center to center, and the tan- 
dem wheels spaced 62.75 inches, 
center to center. The tire pressure 
varied from 120 to 300 psi, depend- 
ing on the load. In these loading 
tests the load rig was pulled along 
the full length of the track at preset 
offsets on each side of the centerline 
construction joint at a speed of 
about 2 miles per hour. Both static 
and dynamic measurements were 
made to determine the deflections 
and strains within the influence of 
the load. The four load levels used 
were 100,000, 175,000, 225,000 and 
265,000 pounds on the 4-wheel gear. 

An analysis of the results of the 
instrumentation tests is not within 
the purview of this paper; however, 
one curve showing the variation of 
static and dynamic deflections is giv- 
en in Figure 4. It can be noted that 
the dynamic deflections under a 
moving load are only about 70 per 
cent of the static deflections. The 
diagram at the bottom of the graph 
shows the location of the load rig 
wheels with respect to the deflec- 
tion gages in the pavement for re- 
cording the static test deflections. 
The static curve closely follows the 
predicted curve. This latter curve 
was determined using the Wester- 
gaard theory for the elastic range 
of the pavement. For the elasto-plas- 
tic range, the computed deflections 
are based on curves developed by 
the Ohio River Division Laboratories 
from a series of small scale model 
tests. (Reference 7) Tensile crack- 
ing in the bottom of the pavement 
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occurred at a load of about 175,000 
pounds. 

Based on the results obtained from 
the instrumentation tests, it was de- 
cided to traffic track Pl (400 psi 
longitudinal prestress ), with the 265 
000-pound load. The load rig was 
run back and forth at speeds of 
from 2 to 6 miles per hour over the 
full length of the track within a 
lane about 13 feet wide, which in- 
cluded the centerline construction 
joint. This pattern is typical of the 
traffic which occurs on taxiways at 
military airfields. 

Traffic was continued until a fail- 
ure occurred. Failure was indicated 
when circular tensile cracking devel- 
oped in the top surface of the pave- 
ment. It has been noted in previous 
tests that after the circular cracks 
appear in the top surface, crushing 
at this point in the surface occurred 
with only a few additional coverag- 
es of the load rig. As soon as an 
area failed, it was ramped off and 
traffic resumed on the remainder of 
the track. 

The first failure which occurred 
was at the north end of the track 
in the area where deformed bars 
were used in lieu of the transverse 
prestress. This failure, which oc- 
curred after 440 coverages by the 
load rig, was within a few inches of 
the centerline construction joint. 
Considerable raveling at the longi- 
tudinal construction joint had oc- 
curred in this area of both tracks in 
the period between the loading tests 
and the beginning of traffic tests. 
This raveling or spalling increased 
during the trafficking period. 

The next two failures occurred at 
the south end of the track after an 
average of 630 coverages. This area 
was on the 18 inch base course. The 
combined flexural strength of the 
concrete, plus the average prestress 
in this area, was 1080 psi. The next 
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four failures occurred at an average 
of 1250 coverages. These four breaks 
were also in the area over the 18 
inch base course where the com- 
bined flexural strength and average 
prestress was 1180 psi. 

The remainder of the track, which 
was on the 4-inch base course, was 
also trafficked to failure. This area 
had a combined flexural strength 
plus prestress of 1240 psi. Failure 
occurred in three locations after an 
average of 1920 coverages. 

During the period that track Pl 
was trafficked, the water table was 
at slightly above the bottom of the 
pavement. 

Figure 5 shows the increase in 
both dynamic and permanent deflec- 
tions with coverage and is typical 
of the deflection curves at all loca- 
tions studied. 

A summary of the results of the 
trafficking of track Pl is given in 
Table 1. 

One of the purposes of the traffic 
testing program was to obtain data 
to determine the effect of repeated 
loading on the life of a pavement. 
To develop curves properly on which 
future designs could be based, it 
was desirable to have information 


for coverages greater than the 2000 
obtained on track Pl. Therefore, it 
was decided to traffic a portion of 
track P2 (200 psi longitudinal pre- 
stress) at the lesser load of 200,000 
pounds and the remainder of the 
track at 265,000 pounds. 

The central 200 feet of the track 
was trafficked at 200,000 pounds. Of 
this length, 100 feet was on the 18- 
inch base course and 100 feet on 
the 4 inch base course. The average 
combined flexural strength plus pre- 
stress for these areas equaled 1000 
and 1110 psi, respectively. After 
4240 coverages in the area over the 
18-inch base course, and 8400 cover- 
ages in the area over the 4-inch base 
course, no failure occurred and traf- 
fic was discontinued in these areas. 
A few very fine transverse cracks 
were noted after 2200 coverages, but 
these did not develop into failure. 
These cracks were straight and not 
circular as have been the cracks as- 
sociated with incipient failure. 

The remainder of track P2 was 
then trafficked under the 265,000 
pound load. As in track P1, the first 
failure occurred at the north end of 
the track in the area where the de- 
formed bars were used in lieu of 


Table 1 
Summary of Traffic Test 
Track P1 





Base Flexural plus 
Course, Load, Prestress, psi 


Average 
No. of 


Inches Kip Long. Trans. Coverages 


265 1150 75001 440 
265 1240 | 1240 1920 
265 1280 | 1080 1250 
26 1080 1080 630 


Deflection, Inches 











Dynamic 


| 
0238 | 
| 
| 


Permanent | Total 


0.168 | 0.406 
0.223 | 0.423 


0.394 | 0.632 
0.089 | 0.218 











0.200 
0.238 
0.129 
































Note: "1 Deformed bars in lieu of transverse prestress. The flexural strength of the con- 
crete was 700 psi. 
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transverse prestress. This area failed 
after 220 coverages, the failure there 
occurring at the longitudinal con- 
struction joint. The next failure was 
over the 4-inch base course and oc- 
cured after 1330 coverages. The final 
two failures were over the 18-inch 
base course and occurred at 1420 
and 2010 coverages or an average 
of 1725 coverages. Traffic was con- 
tinued to 2680 coverages on the un- 
cracked portion of track P2 without 
additional failures. During the traf- 
ficking of track P2 the ground water 
level was 6 inches to several feet 
below the bottom of the pavement. 

A summary of the results of the 
trafficking of track P2 is given in 
Table 2. 


Biggs Air Force Base, Texas 


Following the progress in investi- 
gational work on prestressed con- 
crete pavements at the Ohio River 
Division Laboratories, it was decid- 
ed to design and construct an oper- 
ational prestressed pavement. Head- 
quarters, United States Air Force 
selected a section of Taxiway T-3 


at Biggs Air Force Base, Texas, for 
the project. This work was to fit in- 
to the reconstruction of the base for 
the Strategic Air Command prior to 
the assignment of B-52 aircraft to 
that base. Also, as part of the re- 
construction, a reinforced concrete 
pavement was included in the new 
Taxiway T-3. 

To utilize the full load-carrying 
capacity of a prestressed pavement, 
it is necessary to base the design on 
the premise that the pavement will 
be stressed beyond the elastic range 
causing the formation of tensile 
cracks in the bottom of the pave- 
ment. The cracks behave as partial 
plastic hinges and allow a redistri- 
bution of the moments in the slab. 
The moment redistribution causes a 
rapid increase in the negative radial 
moment as the loading is increased. 
When the negative radial moment 
exceeds the moment capacity of the 
pavement, tensile cracking in the top 
of the slab occurs. Results of tests 
of models and prototype pavements 
indicate that a small increase in 
load or a relatively few additional 


Table 2 
Summary of Traffic Test 
Track P2 





Maximum 
No. of 


Coverages 
900 70001 220 
1080 1280 
1010 1210 8400"! 
200 1000 1000 42401) 
265 990 | 990 1420 
265 1026 1220 2010 


265 1070 1270 


Base Flexural plus 
Course, Prestress, psi 


Inches i Long. Trans. 


Deflection, Inches 








Dynamic Permanent | Total 








0.368 
0.200 
0.144 
0.124 
0.224 
0.270 


0.435 | 0.803 | 
0.105 | 0.305 | 
| 0.411 | 


0.267 | 
0.292 


0.695 | 
| 























0.505 0.775 


























a 
2680!) ’ ie Ds 
| 





Notes: "! Deformed bars in lieu of transverse prestress. The flexural strength of the con- 
crete was 700 psi. 
[3 No failure. 
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coverages beyond that which pro- 
duces the first circular tensile crack- 
ing in the top of the slab will cause 
failure. This concept of design has 
been used for all of the Corps of 
Engineers prestressed pavement de- 
signs, including those for Fairchild 
Air Force Base. (References 7, 8 
and 9) 

The load criterion was for a gear 
load of 265,000 pounds on four 
wheels abreast spaced 37, 62, and 
37 inches, center to center, (twin- 
twin gear) with a tire pressure of 
240 psi. The pavement was placed in 
three 25-foot wide lanes and was di- 
vided into three 500-foot long slabs. 
Including the grade beams, which 
will be described later, the total 
length of the prestressed section was 
1550 feet. Using a modulus of sub- 
grade reaction of 200 psi/inch and 
a coefficient of subgrade friction of 
0.75, the pavement was designed 
for 10,000 coverages by B-52 air- 
craft. The slabs selected were 9 
inches thick, and were post-ten- 
sioned in rectangular direction. The 
prestress was 350 psi in the longitu- 
dinal and 175 psi in the transverse 
direction. The selection of the type 
of tendons was left to the Contrac- 
tor. A 1/4-inch button head wire sys- 
tem was selected. The longitudinal 
tendons had 12 wires encased in 
flexible metal tubes spaced on 23- 
inch centers. The transverse tendons 
had 6 wires in rigid metal tubes 
spaced on 27-7/8 inch centers. A 
nominal amount of reinforcing was 
placed along the edges. To provide 
for the high edge stresses at the 
transverse joints, the prestressed 
slabs were supported for 10 feet at 
each end by reinforced concrete 
grade beams. The beams were also 
used for the reaction to apply 10,- 
000 psi pretension on the longitudi- 
nal tendons to maintain horizontal 
alignment during concrete place- 
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ment. 

The top 12 inches of the natural 
subgrade were compacted in two 
6-inch lifts to 92 and 97 per cent 
modified AASHO density over 
which was placed a 6-inch stabilized 
aggregate base course compacted to 
100 per cent modified AASHO den- 
sity over which was placed a 6-inch 
stabilized aggregate base course 
compacted to 100 per cent modified 
AASHO density. To reduce the fric- 
tion between the base course and the 
pavement, a half inch layer of sand 
covered with polyethylene sheeting 
was placed on top of the base course. 

A few shrinkage cracks developed 
in the first few lanes placed where 
wet cotton mats were used for the 
first 36 hours, followed by mem- 
brane curing. It was concluded that 
the shrinkage cracks developed due 
to the rapid temperature changes 
during the early curing period. De- 
velopment of shrinkage cracks in the 
remainder of the lanes was eliminat- 
ed by using a covering of water- 
proofed paper over the wet cotton 
mats during the early curing period. 

Figure 6 is a photograph showing 
the full concrete train in the lane 
in the foreground, and the entire 
prestressed pavement to the right 
and in the background. 

Upon completion of the post-ten- 
sioning, the tubes were grouted un- 
der pressure and the reinforced over- 
lays were placed over the grade 
beams at the ends of the prestressed 
slabs. 

Expansion joints 1.5 inches wide 
were provided at each end of the 
section. They were filled with a pol- 
yurethane foam insert between pol- 
ysulphide rubber seals placed at 
the top and bottom of the joint. At 
the middle of the two central over- 
lays, a dummy groove joint was 
sawed and the grooves sealed. It 
is interesting to note that after a 
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year of service, the prestressed con- 
crete slabs are in excellent condi- 
tion. However, annual width chang- 
es at each joint in the order of 1.5 
inches, diurnal width changes at 
each joint in the order of 0.5 inch, 
and shortening of the slabs due to 
creep, shrinkage, etc., have created 
a serious maintenance problem. 

None of the sealing materials 
which have been tried has per- 
formed satisfactorily. All have failed 
on account of the large volume 
changes which they have had to sus- 
tain. It is possible that some type 
of mechanical joint (i.e., the steel 
and rubber joint used at Lemoore 
Naval Air Station or a highway 
bridge-type joint) may solve the 
problem from an engineering point 
of view. There has been some ob- 
jection to aircraft operations across 
wide joints and in addition, some 
joint roughness has been reported 
which may be related to a slight 
amount of upward curling at the 
ends of the prestressed slabs. The 
lifting is believed caused by a com- 
bination of adverse temperature gra- 
dients and slight eccentricities in 
prestress. This experience indicates 
some modification in design of the 
grade beams is necessary. Some of 
the possibilities are: use of thickened 
edges instead of grade beams, addi- 
tional edge reinforcement, tying 
down of free edges, narrowing of 
expansion joints to a manageable 
width by forming them during the 
colder seasons (this would create an 
acceptable additional prestress in 
summer), or a combination of sev- 
eral of these features. 

In February 1960, some load tests 
were performed using a_ partially 
fueled B-52 aircraft. (Reference 10) 
Strains and deflections were meas- 
ured at selected points over a dis- 
tance of 300 feet. Reasonably good 
agreement was obtained between 
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the strains measured in the interior 
of the slab and along the longitudi- 
nal construction joints and the the- 
ory. Since the loading of 200 kip 
was insufficient to produce tensile 
cracking (hinges) in the bottom sur- 
face, the behavior of the pavement 
was entirely elastic. The maximum 
stress measured in a direction par- 
allel to the major axis of the tire 
contact area was 802 psi compared 
to a theoretical stress of 817 psi. 
There was no indication that the 
presence of the longitudinal con- 
struction joints had any appreciable 
effect on the strain measurements. 

Finally, the matter of cost must 
be considered. The prestressed con- 
crete pavement was bid at $19.50 
a square yard, while the cost of the 
adjoining 24-inch plain concrete 
pavement was $14.60 a square yard. 
It is often stated that the higher 
first cost of prestressed concrete 
pavements should be offset by lower 
maintenance cost. Only time will tell 
whether or not this is true. As al- 
ready mentioned, the large length 
changes at joints between slabs have 
presented a serious maintenance 
problem. Until this problem is re- 
solved satisfactorily, a fair compari- 
son of the costs of prestressed and 
conventional type pavements can- 
not be made. 


Fairchild Air Force Base 
Spokane, Washington 


The latest pavement project for 
prestressed concrete design by the 
Corps of Engineers is for Fairchild 
Air Force Base, Washington. This 
project consists of the interior por- 
tion of a primary runway 75 feet 
wide by 9694 feet long; a primary 
access taxiway 50 feet wide by 
8877.5 feet long, and a short cross 
taxiway 50 feet wide by 564 feet 
long. The layout of the pavements 
is shown in Figure 7. 
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These pavements were designed 
for the B-52 Aircraft. The design 
loading was 265,000 pounds on a 4- 
wheel twin-twin gear configuration, 
the wheels spaced 37, 62, and 37 
inches, center to center. The run- 
way was designed for interior load- 
ing to provide a pavement adequate 
for 2000 coverages at 100 per cent 
of the design gear load. Both taxi- 
ways were designed for 10,000 cov- 
erages at 100 per cent of the design 
gear load. 

The subbase on which the pave- 
ment is to be built is a borderline 
frost susceptible material varying 
from a silt to a sandy gravel. Dur- 
ing the spring thaw the subgrade 
modulus may be quite low, whereas 
during the remainder of the year it 
ranges from 100 to 300 psi/inch. 
Portland cement will be used to sta- 
bilize the top 4 inches of the sub- 
base material. A half-inch layer of 
sand will be placed over the soil 
cement. This will provide a 4.5 inch 
layer of non-frost susceptible mate- 
rial over the subbase. 

Based on the experience with the 
test pavement constructed at Shar- 
onville, Ohio, and the taxiway at 
Biggs Air Force Base, two direction- 


al stressing is required and steel 
tendons will be used to produce the 
required prestress in the concrete. 
However, to allow the contractor a 
greater latitude in selecting the 
method for applying the required 
prestress, both the post-tensioning 
and pretensioning methods of stress- 
ing the steel tendons will be consid- 
ered. To give the required added 
support at the transverse joint and 
at points where traffic crosses the 
edge of the pavement, the contrac- 
tor may elect either reinforced con- 
crete support slabs or the thickened 
edge construction. 

The maximum length of the indi- 
vidual items in the pavement will 
be limited to 625 feet. This length 
was selected so that the amount of 
steel required to overcome subgrade 
friction would be an optimum. The 
length of the individual items was 
also governed by the layout of the 
intersecting taxiways and also, in the 
case of the runway, by the spacing 
of the centerline lighting system. 

The 75-foot wide runway inlay 
section is to be built in three 25- 
foot wide lanes and the two taxiway 
inlay sections in two 25-foot wide 
lanes. The size and spacing of the 


Table 3 


Pavement Features for Fairchild AFB 





Size of Item 


Required Prestress for Indicated Direction, psi 





Pavement Item 


| Depth, Inches | Length, Feet | 


Longitudinal Transverse 





PRIMARY RUNWAY 





RP-1 thru RP-15 | 625 
RP-16 315 





ACCESS TAXIWAY 





TP-1 and TP-4 543 
TP-2 and TP-3 | 539 
TP-5 thru TP-14 | 605 
TP-15 608.5 








CROSS TAXIWAY T-4 








TP-16 564 
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prestressing tendons is dependent 
on the method of prestressing used 
and the type of tendons selected. 
Allowing the selection of these two 
features to be made by the contrac- 
tor should assure more competitive 
bidding, resulting in the most eco- 
nomical method of prestressing be- 
ing obtained. 

In Table 3 is a summary of the 
salient features of the various items 
making up the runway and taxiway 
pavements. 

The prestress shown in Table 3 
is that required for load and sub- 
grade friction. In computing the size 
and spacing of the steel tendons, 
it is necessary to consider certain 
stress losses during and after the 
prestressing is completed. These 
stress losses include elastic shorten- 
ing and creep in the concrete due 
to the prestress, shrinkage in the 
concrete, relaxation of the steel, and 
slippage or deformation of the an- 
chorage. In addition, when the post- 
tension method is used there will be 
an additional stress loss due to the 
friction between the tendon and the 
enclosure. 

As has been stated, a half inch 


layer of sand will be placed over 
the soil cement. This will be cov- 
ered with a waterproof sheet to re- 
duce the friction between the soil 
cement base and the concrete pave- 
ment. Friction values determined at 
both Sharonville and Biggs pre- 
stressed pavements indicated a fric- 
tion coeffiicient of less than 0.6 using 
a similar friction reducing layer. 
The value of 0.6 was used for the 
Fairchild design. 

In addition to the design for the 
prestressed concrete construction, 
designs have been prepared for 
plain concrete and reinforced con- 
crete pavements. However, the plain 
concrete design was based upon the 
limited subgrade frost penetration 
concept; that is a sufficient thickness 
of non-frost susceptible base course 
material is used to eliminate detri- 
mental weakening of the foundation 
during the frost-melt period. The re- 
inforced rigid pavement design was 
based upon a reduced subgrade 
during the frost melt period. 

For comparative purposes, how- 
ever, the designs of all three types 
of pavements shown in Table 4 are 
based upon the concept of reduced 


Table 4 





Fairchild Air Force Base 





Base, Inches 


Pavement Thickness, Inches 





PLAIN CONCRETE 





Taxiway 4 
Taxiway 4 
Runway 4 


28 
26 | 
22 | 





REINFORCED CONCRETE 


| Steel (Min.) 





Taxiway 4 
Taxiway 4 
Runway 4 


24 
22 
19 


0.15% 
0.15% 





PRESTRESSED CONCRETE 


Prestress 





Taxiway 


4 
Runway (Modified) 4 


| 


10 365 & 285 
9 410&240 | 
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subgrade strength during the frost 

The design, contract drawings and 
specifications for this project were 
completed by mid 1960. Since that 
time the prestressed concrete alter- 
nate was eliminated from the Fair- 
child project plans and_ specifica- 
tions. 

Conclusions 

Although a complete analysis of 
the information obtained from the 
Sharonville and Biggs Air Force 
Base prestressed pavements has not 
been made as yet, certain observa- 
tions appear pertinent. One is the 
effect of the use of deformed bars 
in lieu of transverse prestress. Al- 
though the use of such bars may be 
satisfactory for highway pavements, 
as has been suggested, it does not 
appear feasible to eliminate trans- 
verse prestress in heavy duty air- 
field pavements. This is particularly 
true when traffic is channelized 
along a longitudinal construction 
joint. 

Where transverse prestress is used, 
the presence of a longitudinal con- 
struction joint does not affect the 
strength of the prestressed pave- 
ment materially. Special treatment 
of the joints does not appear to be 
necessary. 

The jointing of a prestressed pave- 
ment appears to be one of the main 
engineering problems whether the 
pavement is designed as a series of 
slabs with expansion joints or made 
continuous by filling in the joints. 
Developing a workable and econom- 
ical expansion joint for this type of 
pavement is one of the important 
problems. Mechanical joints, even 
though operationally feasible, should 
not materially increase the unit cost 
of the pavement. It will be inter- 
esting to learn whether the pave- 
ments which, in Europe, have been 
made continuous by the use of joint 
jacks and abutments will, under traf- 
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fic and climatic effects, perform sat- 
isfactorily and be competitive eco- 
nomically. 

The high costs of the few short 
prestressed pavements constructed 
in this country to date appear to 
indicate that such pavement cannot 
compete economically with conven- 
tional types of pavement. However, 
with greater lengths of pavements, 
as in the Fairchild Air Force Base 
project, it is believed that the unit 
costs of prestressed pavements can 
be made competitive. Grateful ac- 
knowledgement is made to the Bu- 
reau of Yards and Docks, Depart- 
ment of the Navy and the Corps of 
Engineers, Department of the Army 
for making available the informa- 
tion presented in this paper. 
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A Novel Concept of Pretensioning 


Prestressed Concrete Pavements 


Presented at the Prestressed Concrete Institute Convention 
New York City, September 28, 1960 


by Lev Zetlin* 


Prestressing concrete in buildings 
and bridges is an established and 
continuously expanding practice. It 
is only natural to extend prestressing 
to runways and highways to over- 
come the ever present problem of 
the cracking of conventional con- 
crete pavement. 

The superiority of a prestressed 
over a conventional reinforced con- 
crete pavement is obvious: savings 
in quantity of concrete (the thick- 
ness of a prestressed pavement is 
but a fraction of that of a conven- 
tional concrete pavement), resil- 
ience of a prestressed pavement 
and, hence, less stringent require- 
ments for the preparation of sub- 
grade; and, finally, the most impor- 
tant characteristic of prestressed 
pavement is the absence of shrink- 
age and thermal cracks and, there- 
fore, negligible maintenance during 
the service life of the pavement. As 
prestressed concrete bridges became 
a nationwide practice within the 
span of a few years from scattered 
pioneering attempts, so it would not 
be surprising to witness a nation- 
wide network of prestressed high- 
ways within the foreseeable future. 

In prestressed concrete, as com- 
monly employed in buildings and 
bridges, we usually regard the struc- 
tural behavior under service loads 


*Ph.D. P.E. 
Consulting Engineer 
New York City 
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of post-tensioned concrete on a par 
with that of pretensioned concrete. 
The choice between pretensioning 
and post-tensioning is essentially 
based upon the economy of impart- 
ing the prestress. We are soon to see 
that this concept does not exactly 
hold for prestressed pavement. 

A pavement differs from an edge 
supported slab (such as a floor slab ) 
in that the pavement is supported 
on a subgrade over its entire area, 
while an edge supported slab is sup- 
ported only along its edges. This 
continuous subgrade support, in ad- 
dition to developing vertical reac- 
tions when vertical loads are applied 
to the pavement, also develops hori- 
zontal frictional forces at the bottom 
surface of the pavement, when the 
latter is subjected to horizontal 
strains in its plane due to volumetric 
changes which might be . thermal, 
shrinkage or creep. Because of these 
vertical and horizontal subgrade re- 
actions, the structural behavior of 
the pavement and its resistance to 
applied loads and volumetric chang- 
es is greatly influenced by whether 
the pavement is pretensioned or 
post-tensioned; because in preten- 
sioning the strand has a potential 
continuous bond with concrete. 

In an edge supported slab, the 
prestressing stress may be assumed 
as constant throughout the slab, as 
shown in Fig. l(a). On the other 
hand, in a pavement, because of the 
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friction developed by the subgrade 
on the bottom surface of the pave- 
ment, the magnitude of prestressing 
stress at every point throughout the 
pavement can not be predicted ac- 
curately. All we actually know is 
the magnitude of the force which 
is applied at the anchorage at the 
edge of the pavement. Since there 
is always some amount of friction 
between the pavement and_ sub- 
grade, the residual prestress in the 
pavement can be approximated by 
a curve as shown in Fig. 1(b). This 
diagram would be the same for ei- 
ther post-tensioned or pretensioned 
pavements. 

To illustrate the effect of preten- 
sioning on a pavement, let us con- 
sider the two cases in Fig. 2. Fig. 
2(a) shows a prestressed slab sup- 
ported along its edges; Fig. 2(b) 
shows a _ pretensioned pavement. 
Let’s suppose that each of these two 
cases represents a prestressed slab 
after the elastic strains due to pre- 
stressing have taken place and the 
slabs have been put into service. 
Let us look into deformations when 
each of the slabs is subjected to 
concentrated load at some point in 
its interior portion. 

The suspended floor slab in Fig. 
2(a) under the action of the con- 
centrated load has a continuous cur- 
vature. The prestressing forces are 
acting at the edges of the slab 
whether the prestressing has been 
applied by post-tensioning or by pre- 
tensioning. 

However, because of subgrade re- 
action and friction, the concentrat- 
ed load, Fig. 2(b), would cause lo- 
cal distortions of the pavement in 
the immediate vicinity of the con- 
centrated load. This is obvious if we 
consider a pavement as a plate on 
a continuous elastic support. Due 
to the frictional forces there will be 
a still greater tendency for the local- 
ization of distortions. 


March, 1961 


Under the concentrated load in 
the interior portion of a_preten- 
sioned pavement, localized bond 
stresses would be set up in the pre- 
tensioned strands, as is shown in 
Fig. 2(b). These bond stresses cre- 
ate, in effect, an independently 
prestressed element inside the pre- 
tensioned pavement. This is an im- 
portant contribution of pretension- 
ing—namely, the potentiality of 
developing reliable bond resistence 
at any point in the pavement. There 
is also an advantage in pretension- 
ing pavement with respect to its 
resistence to volumetric changes. 

Additional advantages of preten- 
sioning in pavements are: 

1. Invulnerability to damage. If a 
portion of the pavement—in- 
cluding the edge of the slab 
where bond stresses are initial- 
ly concentrated—is for some 
reason destroyed, the preten- 
sioning strands would develop 
reliable bond stresses in the re- 
maining portions of the pave- 
ment, as is shown in Fig. 3. 

2. Thickness of pavement may be 
reduced when pretensioning is 
employed. In _post-tensioned 
pavement, the tendons should 
be spread as far apart as possi- 
ble to strike a balance between 
structural behavior and econo- 
my and, hence, are usually over 
1 in. in diameter. Since most 
pavements require criss-cross- 
ing of tendons, the thickness of 
the pavement is usually dictat- 
ed by the depth of the two 
layers of tendons, although 
from a purely structural con- 
sideration, a thinner pavement 
would be feasible. With pre- 
tensioning it is possible to use 
more closely spaced, thinner 
strands, say 5/16 in. in diame- 
ter. This, in turn, results in a 
thinner pavement as well as in 
a more favorable distribution 
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of imposed prestress. The dif- 
ference in thickness is 
trated in Fig. 4. 


illus- 


Let us look into the practical 
problems involved in imparting 
prestressing by pretensioning in the 
field. In prestressing plants, preten- 
sioning is applied against heavy 
abutments anchored into the 
ground. Because of the cost of abut- 
ments, pretensioning becomes eco- 
nomical only if these abutments are 
reused a considerable number of 
times. The order of magnitude of 
prestressing force in a pavement is 
20 kips linear foot. To build such 
an abutment alongside the pave- 
ment in the field would be economi- 
cally prohibitive. A second possible 
type of abutment is one which, in- 
stead of its heavy weight, would 
rely on the resistance of the soil. 
This would take the form of sheet 
piling driven alongside the pave- 
ment. Hlowever, this scheme would 
not be satisfactory since most soils 
would yield during the period be- 
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tween tensioning of the strands and 
pouring of the concrete, causing 
the strands to lose a large percent- 
age of the prestressing force. 

These were the problems that 
confronted us when we were com- 
missioned by the United States 
Navy to design an experimental pre- 
stressed jet taxiway. The commis- 
sion was given to B. K. Hough, a 
prominent consulting engineer in 
soil mechanics, and myself. B. K. 
Hough is the developer of an in- 
genious method of overcoming fric- 
tion by floating the subgrade. 

As far as prestressing was con- 
cerned, we were faced with a dilem- 
ma: on the one hand, there was a 
conviction that, for most favorable 
results, the pavement had to be pre- 
tensioned; on the other hand, preten- 
sioning by the use of conventional 
heavy abutments was extremely ex- 
pensive. To solve the problem eco- 
nomically, the spontaneous thought 
was to have a self-contained porta- 
ble abutment which co..'d be reused 
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dimensionally stabilized by auxiliary tension cables. 





Portable abutments form closed ring which is 








Fig. 6a 
an unlimited number of times. Be- 
cause of the large forces involved, 
this seemed like wishful thinking at 
the time. However, further insiglit 
into the problem revealed to the 
surprise of everybody associated 
with the study that such an abut- 
ment was within the realm of possi- 
bility. As a matter of fact, the port- 
able abutment to be described next, 
emerged as an economical means 
for prestressing not only airfields, 
but also highway pavements. Fur- 
thermore, conventional pavement 
equipment could be used in con- 
junction with the portable abutment. 

The interesting feature of the 
abutment is that it derives its 
strength from the very strands used 
for prestressing the pavement. 

The abutment is based on the 
simple principle of a closed curve, 
such as a ring, as shown in Fig. 
5(a). The ring, if subjected to a 
pair of forces acting across its diag- 
onal, would be extremely flexible, 
and large bending moments would 
be set up in it. For example, a 200 
ft. dia. ring, subjected to two dia- 
metrically opposed forces of 20 kips 
each distributed over one foot of 
periphery, would have a maximum 
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bending moment of 637 kips x ft., 
requiring 70 sq. inches in cross-sec- 
tional area of structural steel. On 
the other hand, if this ring were sub- 
jected to hydrostatic pressure of 20 
kips per foot over the entire perime- 
ter, as in Fig. 5(b), no bending 
moments would be set up, but the 
entire ring would be in compression, 
with a compressive force of 2000 
kips, requiring 100 sq. inches in a 
cross-sectional area of structural 
steel for a total force of 12,560 kips 
as compared with 70 sq. inches in 
Fig. 5(a), for a total force of 40 
kips. 

A state equivalent to hydrostatic 
compression could be achieved if 
the ring is criss-crossed by strands 
in tension, as in Fig. 5(c). Criss- 
crossing of strands has an additional 
important advantage in that a ring 
tied by strands does not buckle in 
its plane. 

The portable abutment that we 
have developed and shown in Fig. 
6 is essentially a closed curve, but 
instead of being a circular ring it 
has an oval shape. This shape has 
been adopted since it is more effi- 
cient for pavements. in pavements, 
the required longitudinal prestress 
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Groups of pretensioned prestressing stra 
are held in take-up assemblies attached to abutmé 





Fig. 6b 
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is usually higher than the required 
transverse prestress. Hence, the oval 
shape. 

Figure 6 shows half of the assem- 
bled abutment in place. The abut- 
ment shown measures 200 ft. x 70 
ft., and is composed of assembled 
elements 10 ft. long each. Fig. 6(b) 
shows the main prestressing strands. 
This configuration may be adjusted 
so that the entire abutment is only 
in compression. To make sure that 
the abutment is entirely in compres- 
sion, as well as to eliminate buckling 
of the abutment out of its plane, a 
grid of auxiliary cables, as shown in 
Fig. 6(a), is attached to the under- 
side of the abutment. 

The abutment itself is built of 
short portable elements, as shown in 
Fig. 7. This figure shows, also, some 
cross-sections. In this case the abut- 
ments consist of high strength steel 
channels separated by timber block- 
ing. The separate elements are 
placed on the ground to form a 
closed curve as required. 

The pretensioning strands in this 
scheme are in clusters. Each cluster 
is anchored to a movable anchorage 


block. Each block has studs passing 
through the abutment. Jacks grab 
the studs and pull the blocks with 
the strands by pushing against the 
abutment. 

When the strands are tensioned— 
at which point the whole assembly 
looks like a snow shoe or a tennis 
racket—the pavement is poured with 
conventional paving equipment. The 
poured pavement is shown in Fig. 8. 

When the pavement has _hard- 
ened sufficiently, the prestressing 
strands are burned off and the abut- 
ment is ready to be taken apart and 
moved to another section. The auxil- 
iary strands, which are insignificant 
relative to the prestressing strands, 
are left in place, unstressed, under 
the pavement. 

With the portable abutment, the 
pavement is cast in sections. For ex- 
ample, the sections into which the 
jet taxiway for the Navy has been 
subdivided is shown in Fig. 9. This 
particular pavement was about 2500 
ft. long, one portion of which was 
50 ft. wide and the other, 150 ft. 
wide. Each section is approximately 
150 ft. by 50 ft. In a long pavement, 
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Section c-c For Longitudinal Strands 
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Section b-b Showing Curb Splice 


Details of portable abutment designed for use on pretensioned, prestressed pavement projects. 
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Section of pavement is poured with precast 
blocks separating Block (A) from longer main slab. 











Fig. 8a 
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Prestressing of pavement gaps is facilitated 
by arching abutments against shoulders in main slab. 
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Fig. 9—Plan of taxiway shows proposed method of pouring concrete for main slab sections and gaps 
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a practical method would be to have 
available four abutments to be 
placed consecutively along the pave- 
ment to be poured. Paving would 
then become a continuous opera- 
tion: as the paver reaches, let’s say, 
the fourth section, the first abutment 
has been released from the first sec- 
tion and erected in front of the 
fourth section which is being paved. 
When the paver is through paving 
the fourth section, it is ready to 
move ahead to the fifth section 
where the first abutment had been 
placed and where the strands have 
already been prestressed.—And so 
on in a caterpillar pattern. 

The next major step is to create 
a continuous prestressed pavement 
through the gaps so as to end up 
with a continuous pavement of the 
desired length. In the jet taxiway 
shown previously, for example, the 
length of pavement between expan- 
sion joints was about 1100 ft. To 
bring about continuous prestress re- 
quires prestressing of the gaps but, 
at the same time, this must be done 
without disturbing the previously im- 
posed prestress in each individual 
main section. 

The continuous prestressing 
through the gaps is accomplished as 
follows: (Fig. 8b) After the main 
strands have been tensioned, but be- 
fore the main section has been 
poured, precast concrete blocks 
which are lined with paper so that 
they can be removed easily later 
on, are inserted at each end of the 
pavement. The end portion of the 
pavement between the gap and the 
precast blocks—which we shall call 
Block “A”—has embedded in it, in 
addition to the main prestressing 
strands crossing through it to the 
abutment, another set of prestressing 
strands called Strands “a”, except 
that these additional strands are left 
loose when the main concrete sec- 
tion is poured. After the concrete 
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in the main sections has hardened, 
there is left a gap between consecu- 
tive main sections. Each side of the 
gap is bordered by Blocks “A” with 
loose longitudinal strands “a” an- 
chored in each one of them and 
extending into the gap. By taking 
a few elements of the standard abut- 
ment and placing them against the 
previously poured hardened main 
sections of the pavement, transverse 
strands are strung through the gap 
and attached to the abutment. Lon- 
gitudinal strands “a”, in turn, are 
connected together by a standard 
unit. By stretching the transverse 
strands against the abutment, and 
by laterally stretching apart the lon- 
gitudinal strands “a” (as in “harp- 
ing” strands in precasting plants), 
the entire grid of strands in the gap 
is thereby prestressed. As transverse 
and longitudinal strands in the gap 
are stretched, abutments exert pres- 
sure against the main sections of 
the pavement. Blocks “A”—in which 
strands “a” are embedded—tend to 
move towards the gap, relieving 
pressure from the precast blocks. 
The abutments, together with the 
ends of the main sections, form ac- 
tually a structural ring reinforced 
by transverse strands and longitudi- 
nal strands “a”. The abutments are 
in compression. The reaction in the 
longitudinal direction of the abut- 
ments on the main sections is equal 
to the sum of all tensions of the 
longitudinal strands of the main sec- 
tion. Thus, the previous state of pre- 
stress in the main section has not 
been disturbed. 

At this stage, the precast blocks 
are removed and both the gap and 
the grooves left by the precast blocks 
are concreted. When this concrete 
hardens, the strands are burned off 
the abutment and the abutments re- 
moved, creating a continuous pre- 
stressed pavement. 

There are also other important ap- 
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plications of the portable abutment. 

It does not require too much imag- 
ination to see the many potential 
uses of this portable abutment in 
precasting plants, particularly, for 
two-way prestressing of either rec- 
tangular or irregularly shaped slabs. 

One example is shown in Fig. 10 


which represents a two-way pre- 
stressing of a precast 80’ high fin 
for a stadium. It is interesting to 
note that more than one slab could 
be prefabricated at the same time 





within the same abutment if the 
abutment is made big enough to 
contain them all. 

The method described previously 
lends itself to plant precasting of 
long girders of, say, over 100’ in 
Jength. These girders are too long to 
be transported conveniently. How- 
ever, following the same procedure 
as was illustrated for pavements, 
they may be prefabricated in short- 
er pieces, transported to the con- 
struction site, and connected to- 
gether. 











Fig. 10—Within closed 
ring of portable abutments 
almost any shape desired 
could be poured. System 
can be utilized in precast 
operations or on job site. 
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READERS’ ¢ 


Corrections To 
Research on Torsion of Prestressed 


Members 
By Paul Zia 


Two misprints occurred in the paper published in the September 1960 
issue. In figure 6, page 39, “f/fc” should be added to designate the 
horizontal axis. In the third paragraph on page 37, it is mentioned that 
the “modified failure envelope can also be seen in figure No. 5”. This 
This figure does not show the modification. The modified failure en- 


velope is actually as follows. 


" 
$4 
e 


te 


Modified failure envelope. 
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RESET FORMS 
FASTER THAN EVER BEFORE 


w 1960 Form-Crete steel forms feature easier stripping, more handling speed, 
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longer service 


Time is what you save when you cast pre- 

stressed members with FMC’s new line 
of steel forms for 1960. Time in terms of faster 
stripping, faster resetting and fewer man hours 
per job. FMC has introduced many refinements 
to the pioneer line of steel forms, refinements 
that make them now, more than ever, the way 
to cast—at a profit. New form-lock for fast and 
perfect alignment, and new tilt back-designed 
forms for quick product removal are only a few 
of the features that make Form-Crete forms 
your best bet. Clip the coupon and get the full 


story from your local Form-Crete man now! 


OR USE with any acceptable 
ype Of prestressing in cur 
rent practice, the Form-Crete 
Fridge Beam form complies 
ith joint P.C.1.-AASHO—rec 
mmendations. Form lengths 
#1 10 foot sections, combina 
‘ONS up to 60 feet. 


HOLLOW PILINGS are easily 
cast in these octagonal piling 
forms by use of tubing and 
piling headers. Unique tilt 
back design permits fast, easy 
product removal, cleaning and 
oiling of forms 


Form-Crete Department - Lakeland, Florida 
| Gentlemen: Please send me your latest catalog on Form-Crete forms 


Putting Ideas to Work 


Form-Crete Department 


FOOD MACHINERY 
AND CHEMICAL 
CORPORATION 


CHANNEL FORMS, with pat- 
ented form-locks, which allow 
sides to flex for quick and easy 
removal of product. Self-con 
tained channel understruc- 
ture insures extra rigidity and 
strength in this outstanding 
form. 


General Sales Offices: Lakeland, Florida 


FORM-CRETE LEDGER BEAM 
FORMS provide fast, accurate 
casting of roof support beams 
Riser blocks can be employed 
to vary depth of beam; forms 
are lock-up type with rein 
forced self aligning pilotliner 
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The recently completed bridge over the Scioto River in Delaware 
County, Ohio. Contractor: Wander and Mason Corp., Worthington, 
Ohio. Designed by: Ohio Dept. of Highways under supervison of D. 
Henry Overman, Engineer of Bridges. Fabricator of Prestressed 
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The use of continuity achieved with reinforcing 
bars in the slab, and the elimination of end 
blocks, were both based on a test program on 
prestressed concrete bridges by Portland Cement 


Concrete Members: Great Lakes Structural Concrete Prod- Association’s Research and Development Labo- 


ucts, Toledo, Ohio. 


ratories. 


Continuity in deck slab improves 
efficiency of prestressed 


SCIOTO RIVER BRIDGE 


Continuity under live load was achieved 
in this four-span (71 ft—82 ft—82 ft— 
71 ft) I-beam and slab bridge by use 
of reinforcing steel in the slab over the 
supports. Other innovations are elimi- 
nation of end blocks in I-beams and use 
of full-depth diaphragms over the piers. 


As a result a smaller beam section can 
be used, while capacity is calculated to 
be even greater. Less prestressing steel 
is needed, and fewer joints mean less 
maintenance. Riding surfaces are 
smoother. 


Roebling has always led in developing 
and promoting prestressed concrete in 
the United States. First through study, 
research and technical developments 
and more recently through a nation- 
wide promotional campaign aimed at 
prospective owners of structures that 
should be made of prestressed concrete. 


For information on any phase of pre- 
stressed concrete, and especially on ten- 
sioning materials, contact Roebling’s 
Construction Materials Division, Tren- 
ton 2, New Jersey. 


ROE BLING 


Branch Offices in Principal Cities 
John A. Roebling’s Sons Division 
The Colorado Fuel & Iron Corporation 











